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THE OOGENESIS AND EARLY DEVELOPMENT OF 

HYDRA.^ 

RALPH E. WAGER. 

During the winter of 1904-05 the writer took up the problem 
of the oogenesis of Hydra, especial attention being given to the 
cytological changes involved in the development of the egg. 
The species upon which the work was done was judged to be 
H, grisea. The animals were found growing in large numbers 
in a pond near Syracuse, N. Y. The results obtained were 
sufficiently marked to warrant publication, but the paper has 
been withheld until some of the points involved might receive 
confirmation from new material. 

In the meantime there have been published two papers bear- 
ing upon the same subject ; one by Tannreuther(*o8) and another 
by Downing ('08). In general agreement with the results ob- 
tained by these two as well as by previous writers, were my own, 
but in some important particulars they differ widely. For several 
months past an abundance of sexually reproducing Hydra have 
been kept growing in the laboratory, and material taken there- 
from has afforded ready confirmation of the results previously 
obtained. These results have been reviewed, and, considerably 
abbreviated, are here presented essentially unchanged. Some 
discussion of points suggested in recent papers has been inserted, 
and those particulars in which agreement with other workers 
exists have been but slightly dwelt upon. 

As above stated. Hydras have been kept growing in the labo- 
ratory. Observations on these animals yielded interesting 
results. Early in October, 1907, collections were made from a 
small stream near Potsdam, N. Y., and the animals brought 

^ Contributions from the Zoological Laboratory, Syracuse University. 
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2 RALPH E. WAGER. 

into the laboratory were placed in large gallon aquaria jars. In 
the jars were several species of unicellular, and some more highly 
organized plants in sufficient quantity to oxygenate the water. 
A few small pK>nd snails were valuable in keeping the jars clean. 
In about two or three weeks after collection the animals began 
to bud very actively, and the dozen or so in each jar soon 
increased greatly in numbers. In one jar it was estimated that 
there were between two and three hundred individuals. This 
asexual period lasted between ten days and two weeks when 
there began an active sexual phase apparently as marked as had 
been the asexual. Throughout the winter months, and indeed, 
until observations were discontinued in July, 1908, this alter- 
nation of asexual and sexual periods was constant. At no time, 
however, were the reproductive activities entirely of one sort, 
but that there were periods of greatest sexual and of asexual 
development there could be no doubt. The -'ame cultures have 
been kept under observation during the past year and somewhat 
similar though less marked conditions have been noted. The 
long vacation period during which they were without attention 
brought them to the fall of 1908 in a somewhat depicted condi- 
tion. With fresh (distilled) water and food they began again to 
bud and produce eggs and spermaries. Their activities during 
the past few months, however, have been much less marked 
than formerly. This, I believe, to have been due in large part 
to the accumulation in the water of metabolic products dele- 
terious to the normal activities of the animal. When taken from 
the jars and placed in fresh water with a plentiful supply of food, 
they began at once to bud rapidly and after a time to produce 
both eggs and .s|>ermarics, though, it must be said, with a \igor 
less than when the culture was first started. In proper environ- 
ment, then, the Hydra will for a long time continue to repro- 
duce both asexually and sexually, and the maximum develop- 
ment of each phase occurs in alternating cycles, or jktjoiIs. 

The embryos develop>ed during the first sexual period uerc 
entirely of the flattened, short- spiculated form figured by Korot- 
neflr('83)and Brauer ('91/7) as that of tf, fusat. These same 
animals, or at least their descendants, thereafter produced only 
the spherical heavily spiculatc embr>'os figured by KIeincnl)erg 
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('72) as that of H, aurmitiaca, and by Brauer {op, cit.) as belong- 
ing to H, grisea. It seems hardly possible that animals of both 
species (assuming H, aurantiaca and H, grisea to be identical) 
could have been taken under the same conditions and developed 
to such numbers at the same time. If but one spedes was 
present then it produced both forms of the embryo, while if both 
were present then one must have entirely disappeared and given 
place to the other. The latter alternative must have been attended 
by a marked diminution in the number of the animals immedi- 
ately following the first sexual period, and no such observation 
was made. It appears then that the character of the embryo 
cannot be taken as a constant and specific difference. Brauer 
('91a) uses this characteristic, together with the manner in which 
the embryo leaves the body of the mother, in separating H, grisea 
and H,fusca : 

** Hydra grisea L. : Ei fallt ab. Form Kuglig, Schale ringsum 
mit grossen, an der Spitze meistverzweigten Zacken besetzt." 

** Hydra fusca L. : Eier werden einzeln angeklebt. Form unten 
flach, oben konvex, Schale nur auf der oberen Seite mit Kurzen 
Stacheln besetzt.'* 

An explanation of the cause for this unusual embryo-formation 
is not at hand. The conditions under which the spiculate em- 
bryos were produced were, so far as one could observe, the same 
as those under which the flattened, short-spiculate type were 
formed. It is rather remarkable that during the eighteen months 
and more that the animals were kept under observation, only the 
spherical, heavily spiculate embryos were to be found after the 
first sexual period during which the alternate type was produced. 
Moreover, the color of the animals under different conditions 
varied greatly, as did also their size and disposition toward sexual 
or non-sexual reproduction. Experiments were performed to 
determine, if possible, the relation of color, size, and reproductive 
proclivities to environmental factors. These were not altogether 
conclusive, but will be presented in another paper. In general, 
however, one may say that so widely do the animals vary under 
different conditions that one might easily mistake for a different 
species the forms encountered at either extremity of the varying 
limit. This, it seems, will readily account for the numerous 
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species described by the earlier investigators, who, naturally, 
placed much emphasis upon color and size as specific difler- 
ences. 

As killing agents, hot corrosive-acetic proved very satisfactory 
when the preparations were to be stained with Heidenhain's iron- 
hematoxylin. Corrosive sublimate, used both hot and cold, also 
gave good results. Bouin's mixture proved especially valuable 
in the study of the pseudo-cell formation. 

Origin of the Ovary. 

Most investigators of the problem of the oogenesis of Hydra 
have attributed the origin of the ovary to the interstitial cells. 
My own observations have agreed in this respect. Longitudinal 
sections show that in the region in which the egg takes its origin 
there are numerous nests of these minute cells, but in the lower, 
or aboral end, they are much less numerous, and almost entirely 
absent near the foot. They are often found dividing mitotically, 
when there are usually three or four divisions taking place very 
near together. They vary somewhat in size in different sections, 
but their appearance and disposition would lead to the following 
conclusion with regard to their growth. 

The very young interstitial cell is possessed of a nucleus which 
has a very delicate chromatin reticulum with small nodal enlarge- 
ments. The nucleus, to a great degree, fills the whole cell, there 
being but a very thin envelop of cytoplasm. With the onset of 
egg production, the nucleus begins to enlarge and very soon a 
definite nucleolus can be found, and not infrequently, two are pres- 
ent. The mass of the cytoplasm increases at the same time and 
as a result of this increase in the size of these cells, a layer of the 
primative ova, as they have been called, is definitely established. 
Externally, this is evidenced by the clitellum-like enlargement 
usually in the upper third of the body. This sometimes com- 
pletely surrounds the body, or, with perhaps equal frequency, is 
found on one side only. Cases were noted in which no marked 
change in the external appearance could be seen, yet the process 
of egg production took place. The size of the egg is dependent 
in part upon the quantitative production of these cells, as will be- 
come evident from the discussion of their fate. Whether or not 
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the cells divide after reaching this stage, is rather uncertain. In 
none of the sections examined were there found conclusive evi- 
dences of such divisions taking place either mitotically or amitoti- 
cally. There were present, however, many cases in which a cell 
was possessed of two nuclei. It was thought at first that division 
took place amitotically, for some of the nuclei were markedly 
elongated, and might easily give foundation for such belief. 
Such doubly nucleated cells probably arise from the coalescence 
of two cells. 

The two nucleoli, above referred to as frequently being present 
in the nucleus, are not chemically the same, as they differ in their 
staining reaction, one staining much more deeply than the other 
(Fig. I, PI. I.). In some cases each of the nucleoli is found to 
be made up of two parts, in which again, one differs from the 
other in staining reaction. One appears to be a true nucleolus, 
while the other probably consists of a droplet of some food ele- 
ment passed through the nuclear membrane. Darkly staining 
bodies are also found in the meshwork of the cytoplasm (Fig. i, 
PI. I.). These appear to be true metaplasmic bodies, probably 
food material taken up by the cell. They are not found in all 
cases, and their presence is probably dependent upon the physio- 
logical activities of the cell. Frequently, the nucleolus migrates 
out of the nucleus by rupturing the nuclear membrane (Fig. 6, 
PI. I.). The nucleolus is usually surrounded by a clear non- 
staining area. The chromatin material forms a fine network often 
somewhat peripherally arranged. In especially well-stained prep- 
arations one can distinguish very delicate threads which appa- 
rently hold the nucleolus in position. The nuclei themselves are 
either round or ellipsoidal in section. In the former case but one 
nucleolus is present, in the latter, two (Fig. i, PI. I.). Doflein 
('97) describes similar conditions in the primitive ova of Tubularia 
ntesembryanthemum, and Allen ('00) for T. crocea. 

In the nests of interstitial cells from which the primitive ova 
are derived, one usually finds nematocysts developing in large 
numbers. In the course of development of the ovarian area 
these nematocysts either migrate out, or are resorbed. Fre- 
quently they are found within the egg itself. 
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• Growth of the Egg. 

The germinal area having been formed as above described, the 
egg begins its growth. Near the center of the mass of primitive 
ova there are to be found several which are larger than the rest. 
These cells lie close to the supfK>rting membrane. Downing 
(*o8) is inclined to regard these cells as the true ova, and is of 
the opinion that they are always present and recognizable among 
the interstitial cells of the adult animal. He notes that there are 
some cells which are spherical in outline, and are possessed of 
a very large nucleus near which there lies e small dark ovoid 
body. As noted above, the interstitial cells even in an early 
stage in the formation of the germinal area, differ considerably in 
size. The ovoid bodies near the nucleus are to be found in 
many of the interstitial cells lying near the suppK>rting layer, and 
are doubtless only a metaplasmic body. It is permissible, cer- 
tainly, to regard these cells as ova, and, as Downing contends, 
as true ova, but it would seem to be impossible to show that 
these large cells do not have precisely the same origin as the re- 
maining ones of smaller size over which they have an advantage 
by virtue of their nearness to the entoderm from which their food 
supply is derived. All stages, as regards size, are to be found 
between these large and even the smallest cells. Unless these 
large cells do have a different origin than do the small ones, or 
unless they become markedly different in some rcs|)ect from the 
small ones, there is nothing to be gained by regarding them as 
true e^g cells and the small ones, therefore, as something entirely 
different. That these large cells may be present in the ectoderm 
is doubtless true. That the egg, in the manner to be described, 
takes its rise always from these and no other later formed large 
cells, seems to me to be extremely improbable. 

The processes concerned with the growth of the egg are inter- 
esting. Tannreuther (*o8) has already pointed out that the egg 
mass originates by the coalescence of a number of the primitive 
ova, the process beginning in the large cells near the center of 
the ovarian area. Inasmuch as my own observations were carried 
on in somewhat greater detail, it may be justifiable to outline the 
process a^ain. 

Reference has already been made to the large cells which, 
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in part, make up the primitive ova. In these cells begins the 
coalescing process, which is attended by marked cytological 
changes. The chromatin network retreats further from the 
nucleolus (Fig. 2, PI. I., a), and finally assembles as a well- 
defined coarse spireme (Fig. 2, PL I., d), Coincidently with this 
process, the nuclear membrane becomes less distinct and even 
absent in places. Within the nucleolus of these large, and fre- 
quently of even smaller cells, two or three minute vacuoles ap- 
pear, and these may, in rare cases, number seven or eight. As 
the nucleus enlarges these vacuoles become larger and finally 
unite to form one which almost entirely fills the nucleolus ; the 
chromatin filament becomes broken up into short strands ; the 
nuclear membrane disappears entirely, and the nucleolus, fre- 
quently filled with the single large vacuole, very often migrates 
out of the chromatin strands (Fig. 5, PI. I.). Associated with 
these processes is the disappearance of the cell-walls of those 
cells concerned in the changes. They become more and more 
indistinct and finally disappear entirely, or nearly so. as a result 
of which the substance of the several cells concerned unites to 
form a single mass (Fig. 4, PI. I.). The mass formed by the 
fusion of these cells is the egg, in process of growth. It is 
interesting to note that there are several metaplasmic bodies in 
many of these cells as already described, but that now they are 
even larger and more pronounced. 

The disappearance of the cell walls in the manner above de- 
scribed sets free the nucleus or its parts in the cytoplasmic mass 
of the egg. The coarse spireme of chromatin material becomes 
broken up into short strands which become dispersed and dis- 
appear entirely, though careful search in the cytoplasm of an egg 
will frequently reveal fragments whose presence therein is easily 
explained by the above account of the processes which take place 
(Fig. 9, PI. II.). 

Not all of the nuclei which contribute to the mass of the egg 
undergo this fragmenting process. Some persist apparently 
unchanged even for some time but their ultimate fate, save prob- 
ably in the case of one, is in the formation of the so-called pseudo- 
cells which is to be described hereafter. 

The egg mass now becomes distinctly vesicular, and imbedded 
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in it are a number of minute bodies apparently identical with 
those described as occurring in the primitive ova, and set free 
here by the coalescence of the cells. Some of them, however, 
are doubtless nucleoli, or at least nucleolar bodies, which, by 
the same process, have been added to the already rather complex 
egg mass. 

The egg now continues to increase in size by the further 
appropriation of the cells surrounding it. The cells thus con- 
tributing their mass to that of the egg may undergo a regressive 
change similar to that described for the large ova which unite to 
form the growing egg. One of the primitive ova, or possibly at 
this time rightly called nourishing cells, becomes conspicuously 
larger than its fellows ; its nucleus becomes correspondingly 
large and the regressive changes above described are repeated 
here. The chromatin assembles in a loosely coiled coarse 
spireme ; the nuclear membrane disappears ; the nucleolus be- 
comes very large and frequently filled by a vacuole ; the cell 
wall between this large cell and the egg gradually becomes ab- 
sorbed and the two unite. Such a process in an intermediate 
stage is shown in Fig. io(Pl. II.) in which the nuclear mem- 
brane of the nourishing cell has entirely disappeared on one side 
and the chromatin filaments are broken up into short pieces. 
Two metaplasmic bodies are noticeable in the large cell as well 
as in the egg itself. Their probable origin has been discussed 
above. Fig. 9 (PI. II.) represents a stage a little later than that 
above referred to. Outside of the egg is a large non-nucleated 
mass two or three times the size of the ordinary cells. Near it 
and next to the egg is a smaller cell in which these regressive 
changes are well advanced. The ccll-walls between these two 
bodies is less distinct than in the other cells in the field, suggest- 
ing that the two would eventually unite, before union with the 
egg. Such conditions as this are not at all rare, and suggest that 
these large cells are develo|>ed by the union of two or more of 
the nourishing cells rather than by the growth of any one to this 
unusual size. Having reached this stage the large mass then 
becomes a f>art of the egg by the disappearance of the wall 
between the two bodies, thus setting free into the substance of 
the egg the chromatin strands, nucleoli and nucleolar bodies as 
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well as contributing considerably to the proportions of the egg 
by the addition of a considerable mass of cytoplasm. 

It is evident from the above description that there is here an 
unusual case of nuclear degeneration. Processes of nuclear 
fragmentation have been described as occurring in the eggs of 
other coelenterates, but in a correspondingly later stage in their 
history and with ultimate results of an entirely different nature. 
Hickson ('93) has noted nuclear fragmentation in the case of 
Distichopora molacea ; Allen ('00) in Tubularia crocea ; Hargitt 
('04) in Eudendrium and Pennaria tiarella. These cases are, 
however, quite different in that they consist of a simple breaking 
up of the nuclear elements into small parts without their entire 
dissolution. Herrick has described nuclear fragmentations in 
the Crustacea, viz., in Alpheus minor ^ A, sauleyi and Homarus 
americanus in which the nuclei constrict off small buds some- 
what after the fashion of growing yeast. The process takes 
place for only a limited time in the egg-nauplius stage, and in 
definite regions. These cases differ widely from the one herein 
described in which the nucleus breaks down entirely and eventu- 
ally disappears in the cytoplasm of the egg. 

Soon after the egg has increased to a size six or eight times 
that of its original proportions, the nourishing cells are taken up 
in an entirely different fashion, and in a manner probably designed 
for supplying the embryo with energy in the later stages of its 
development. This process results in the formation of the so- 
called pseudo-cells. In some cases it does not begin until the 
egg is nearly one half its matured proportions. The beginning 
of the process is probably dependent ufK)n the presence within 
the egg of some chemical comfK>und which incites the changes to 
be described. The production of this substance is probably 
accomplished at different periods of development in different 

eggs. 

Inasmuch as I have attempted to work out in some detail the 

cytological changes involved in the formation of the pseudo-cells, 

it may not be out of place to insert an outline of the opinions 

held by some previous investigators with reference to their 

origin. 
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Historical. 

Kleinenberg ('72) first described the development of the 
pseudo-cells and proposed the name by which they have since 
been known. He remarked that they had been the source of 
many misconceptions, especially on the part of Ecker, who re- 
garded them as true embryonal cells with a nucleus and a cell 
wall, and as arising by divisions of the original egg cell (/. r., p. 
39). He himself set about to find eggs in which all stages in 
their development could be found and came to the following con- 
clusion with regard to their origin : 

" Als Anfange erscheinen sehr kleine kuglig umschreibene 
Verdichtungen im Plasma, die sich von den jungen noch nicht 
gefarbten Chlorophyllkorpern nur durch etwas starkeres Licht* 
brechungsvermogen unterscheiden. Indem sie sich vergrossem, 
entsteht in ihrem Innern eine Hohle die zuerst genau in der Mitte 
gelegen ist, mit dem fortschreitenden Wachsthum aber diese 
centrale Lage verlasst und sich an einer Stelle der Oberflache 
nahert. Hier erhebt sich darauf, frei in die Hohle hineinragend, 
auf breiter Basis ein niedriger kleiner Kegel, der spater eine un- 
gefahr linsenformige Gestalt annimmt und endlich zu dem Zapfen 
auswachst. Da sich die Eiweisskomchen schon fruher ausge- 
schieden haben, ist hiermit die Entwicklung der Pseudozellen 
beendigt" (/. r., p. 40). 

This description is for the pseudo-cells of the egg of H. viridis. 
He states that a similar structure exists in those of //! grisea and 
H, aurantiacUy except that there is no plug or extension into the 
cell, but in its place a simple thickening of the rim of the cell 
which sometimes fills more than half its inner part. 

Ciamician ('79) describes the formation of structures which he 
says "have the greatest similarity to the pseudo-cells found by 
Kleinenberg in the egg of Hydras He, like Kleinenberg, be- 
lieved that these bodies grow in the plasma of the egg for he 
states that *' Die Pseudozellen erscheinen genau so wie bei Hydra 
anfangs als ganz kleine Kugelchen (0.00 1 mm. Durchmesser) und 
konnen bis zu einem Durchmesser von 0.005 mm. anwachsen." 
He describes also the vacuolated condition of some of these 
bodies and states that by the union of these vacuoles a certain 
nucleus-like part is cut out of the main mass. He found, too, that 



EARLY DEVELOPMENT OF HYDRA. II 

these cells frequently divided into two, three, four or even six 
parts, usually all of unequal size. This process always took place 
before the cutting out of the central nuclear-like portion. 

Brauer (*9i^, p. 170) makes mention of the " Dotterkemen, 
der sogenannten Pseudozellen." In describing the growth of the 
egg (p. 178) he speaks of **die Auflosung der Nahrzellen und 
ihre Aufnahme als sogenannte Pseudozellen durch die Eizellen." 
Further on in the same article (p. 184) he remarks that the struc- 
ture of these bodies has been already described by Kleinenberg, 
implying that his own observations agreed with those of the last 
named author. In another paper of the same year ('91^) he 
describes the origin of the pseudo-cells as follows : ** Mit dem 
Wachsthum der Eizelle . . . beginnt die Auflosung der Nahr- 
zellen, indem die Umrisse unregelmassig werden und der Kern 
verschwindet. Gleichzeitig treten auch die Pseudozellen als 
kleine, von Anfangs an sich intensiv farbende Kugelchen auf, 
welche rasch heranwachsen und die eigenthumliche Kernahn- 
liche Form, wie Ciamician und Tichomiroff beschreiben, anneh- 
men, sich aber von Kemen durch die starke Farbung besonders 
der peripheren Partie unterscheiden lassen." He then states that 
he agrees with Ciamician and Weisman as to their origin and 
that they do not arise directly from nuclei as Tichomirofl' had 
shown, but that the latter author was deceived as to their true 
nature by their nuclear-like appearance. 

Doflein ('97) describes in considerable detail the origin of the 
pseudo-cells. He cites the views of several of the authors named 
above, and then shows that in Tubularia larynx these structures 
are the metamorphosed nuclei of the cells which have fused with 
the egg and whose protoplasm has been added to it. These 
nuclei in the earliest stage of their metamorphosis differ from the 
nuclei of the primary germ cells only in that they lie in 
vacuoles. Their further metamorphosis consists in the disappear- 
ance of the vacuoles within the nucleolus, the thickening of the 
peripheral zone of chromatin matter, and the gradual disappear- 
ance of the clear non-staining area about the nucleolus. The 
nucleolus then enlarges considerably and the change is complete. 
By the use of a methyl-green-eosin stain he shows that a chemi- 
cal change takes place in the nuclear substances during the meta- 
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morphosis. He observed that several of these persistent nuclei 
are often swept into the same vacuole by streaming movements 
of the protoplasm. He describes cases of the amitotic division 
of these nuclei as being of frequent occurrence within the egg. 

Allen ( 'go) describes the changes undergone by the engulfed 
nuclei in the growing egg of Tubularia crocea. Many nuclei were 
found within the cytoplasm of the egg which showed no differ- 
ence from the nuclei of the cells of the germinal layer. 

These changes consisted in the assembling of the chromatin 
filaments into a varying number of small spheres just within the 
nuclear membrane, the disappearance of the threads supporting 
the nucleolus and a chemic change in the character of the ground 
substance supporting the chromatin, such that it becomes reactive 
to staining agents. The structure of the nucleus becomes less 
distinct A description is also given of amitotic divisions of these 
nuclei within the cytoplasm of the egg. Her results agree largely 
with those of DofJein ( '97). 

Tannreuther (*o8) observes that some of the nuclei of the in- 
terstitial cells surrounding the egg are taken up by it and trans- 
formed into pseudo-cells. The transformation is accomplished 
by the granulation of the chromatin ; its arrangment in a band 
around the inner border of the nucleus, and the imbedding of the 
nucleoli within this band thus presenting the '' appearance of a 
hollow sphere with its wall thicked on one side." 

Downing ('08) believes them to consist of lecithin which at 
first is diffuse in the egg but later becomes aggregated to form the 
pseudo-cells. He notes also that the nuclei of the interstitial 
cells become filled with it, meantime enlarging considerably. 
These nuclei, he says, may also eventually give rise to the pseudo- 
cells. 

It is evident from the above that two views have prevailed as 
to the origin of the pseudo-cell. The one, that held by the 
earlier writers principally, that they were accumulations or 
growths within the cytoplasm of the e^^ ; the other, that they 
arc the persistent and metamorphosed nuclei of the cells which 
fuse or coalesce with the cg^ in the process of its jjrowth. 

My studies have convinced me that they may be due to both 
of these processes, but that in the Hydra at least, these darkly 
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Staining bodies within the cytoplasm of the egg are not alone 
nuclei, but also nucleoli, or whole cells, and in some cases, the 
equivalent of two or even three cells, in all of which a certain 
characteristic change has taken place. 

An examination of Fig. ii, PI. II., and Fig. 14, PI. III., and 
Fig. 17, PI. III., which are camera drawings of a portion of an 
egg in which these bodies are very darkly stained, will show that 
there are three or four different sizes ; there is usually a darkly 
staining hemisphere while the other shades off almost impercept- 
ibly into the surrounding cytoplasm, or at most has but a very 
thin rim of staining material ; that some appear as a mere shell 
of stained matter with a non-staining interior ; that a very few 
are exceedingly large when compared with the rest. All of these 
different kinds are not sharply differentiated but shade into each- 
other as would naturally be expected from the consideration of 
the processes next to be described. 

The account of the origin of these bodies, which are wrongly 
called cells, will be given under three headings : (i) Those de- 
rived from whole nourishing cells, (2) those derived from the 
nuclei of the nourishing cells, and (3) those derived from the 
nucleoli of the nourishing cells. 

Pseudo-cells Derived from Whole Cells. 

As previously indicated, the egg grows by two processes, one 
of which has already been described. The other is by the ap- 
propriation of the nourishing cells sometimes before any visible 
change either in size or appearance has taken place. This process 
is in some cases similar to those which take place when an amoeba 
engulfs food particles. The cytoplasm of the egg gradually sur- 
rounds one of the cells and it is finally taken bodily into the egg. 
Cases of whole cells thus taken into the egg cytoplasm are not 
rare. Such a one is shown in Fig. 3, PL I. The cell wall is 
perfectly distinct and the cell contents differ little in appearance 
from those of one of the cells outside of the egg. The irregular, 
dark shading is a peripheral thickening of the protoplasm, as is 
evidenced by focusing upon different regions of the cell. 

The fact that cells are frequently thus bodily engulfed lends 
considerable weight to the amoeboid theory of the growth of the 
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egg. On the other hand, the process of adding cells in which an 
enlargement and regressive change has taken place has no simi- 
larity to amoebic activities. It appears, then, that the egg grows 
not only by processes comparable to amoebic activities, but also 
by those which have no possible similarity to them. 

In all cases examined, the egg, just before breaking through 
the ectoderm, had appropriated all of the nourishing cells between 
it and the layer of large ectoderm cells (Fig. 14, PI. III.). At 
either side of the egg mass a considerable amount of unused 
material may still remain after the egg has broken through the 
ectoderm but it is probable that it is used by another egg or, if 
conditions do not favor such a process, may be resorbed. 

In many of the preparations the nuclei of the nourishing cells 
were possessed of several nucleolar bodies in addition to the 
nucleolus. These were sometimes darkly staining, but more 
often of a yellowish color. Often some were closely applied to 
the nucleolus and others to the nuclear membrane. Extremely 
irregular masses are often thus formed. Such nuclei are shown 
in Fig. 20, PI, III. More will be said about them below. 
• When brought into the egg, and, as above noted, occasionally 
outside of it, a change is noticeable in the appearance and staining 
of the cells. In the case of whole cells these changes are as 
follows : The nucleus approaches the periphery of the cell ; the 
nucleoli become peripherally arranged within the nuclear mem- 
brane and often appear to be pushing outward as the membrane 
is frequently extremely irregular and sometimes broken though 
this phenomenon is not always to be observed (Fig, 21, ^, PI. 
III.). The chromatin filaments are visible for a time but are 
much less distinct than in the normal nucleus. Whether or not 
the chromatin collects in the form of small spherules which re- 
semble the nucleoli, I have been unable to determine. In some 
cases it seems to do so. Allen ('00) describes such a process 
for Tubularia crocea. 

In the next stage the nucleolar bodies appear to coalesce in 
part, as their identity can no longer be recognized. The result- 
ing mass is irregular in outline and very darkly staining. At the 
same time the region about it begins to react slightly to the stain 
(Fig. 21, b, PI. III.). The chromatin filaments are now entirely 
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indistinguishable. The third stage resembles the one just de- 
scribed, but the hemisphere in which the nucleolar mass lies is 
also very darkly staining, so much so that the mass within it is 
often entirely obscured. By sufficiently destaining, however, one 
can distinguish this mass in almost any pseudo-cell of this sort. 
The nuclear membrane is broken early in the changes above 
described and is apparently entirely lost. The last stage is shown 
in Fig. 21, c, PI. IIJ. The drawings are taken from typical cases 
and many variations are to be found, but all are easily explained 
according to the above account. 

Other pseudo-cells of much greater size are frequently found, 
and their origin can be explained in much the same way. Out- 
side of the egg one sometimes finds that some of the cells have 
more than one nucleus, rarely as many as four or five. This 
fact has already been mentioned, and in connection with it a state- 
ment as to their probable origin, viz., by the union of two or 
more of the primitive ova rather than by the divisions of the 
nucleus of one of them. This conclusion was the result of the 
observation that no evidences of divisions in any of the nuclei of 
these cells were found, though such multi-nucleated cells were 
not uncommon. If divisions do occur the evidences are for their 
taking place amitotically, though I am inclined to believe that 
such divisions do not take place. The metamorphosis of these 
large cells into pseudo-ceHs takes place in the same way as that 
of the single-nucleated cell. 

Occasionally a pseudo-cell of comparatively enormous size is 
found, such as that shown in Fig. ii, PI. II. These are evi- 
dently derived from still larger multi-nucleated masses, which are 
sometimes found outside the egg. Fig. 19, PI. II., shows such a 
cell with four nuclei and evidences of a fifth. I have found but 
this one instance, however, and it is therefore very unusual. 
Brauer ('91^) has shown a large pseudo-cell in his Fig. 4, PI. X., 
and they are therefore not an unusual structure. The changes 
involved in their metamorphosis are probably the same as those 
already described. No intermediate stages were found and there- 
fore no figures can be given. 

In no cases have I found convincing evidences of the amitotic 
nuclear divisions of these bodies such as have been described by 
Ciamician ( '79), Doflein ( '97), Allen ( '00) and Tannreuther ( '08). 
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An explanation of the phenomena here described, though not 
easy to find, appears to be as follows : The nucleolar bodies when 
they appear within the nucleus in such large numbers are in 
small part products of the metabolic changes within the nucleus 
but in greater part are doubtless certain liquids which have osmot- 
ically penetrated the nuclear membrane and been coagulated by 
the killing and hardening fluids. These substances may serve as 
food for the nuclear activities and, in their later history, as stores of 
energy for the embryo. The ultimate disposition of these bodies 
in the cell would support this view. No attempt was made to 
determine their chemical nature by staining methods as the mate- 
rial required was lacking. Similar nucleolar bodies have been 
described by Montgomery ('98) in the case of certain nemertean 
worms. ^ By staining methods he seems to have shown quite 
conclusively that they are liquids taken in through the nuclear 
membrane and are of the same nature as the yolk balls which 
occur very abundantly within the cytoplasm. Such yolk masses 
are growths or accumulations and as such are different than the 
pseudo-cells which are found in the egg under discussion. 

These nucleolar bodies usually appear in the first stage of the 
metamorphosis of the cell or nucleus. As indicated above, it is 
not probable that the chromatin collects in small spherules to add 
to the number. The nuclear membrane in this stage is frequently 
broken and very irregular. The second stage is due to a partial 
fusion or flowing together of these bodies. The rupture of the 
nuclear membrane results in the liberation of the nuclear liquids, 
in the case of the metamorphosis of a whole cell, which are 
apparently separated by some chemical factor so that the chro- 
matin substance becomes spread out in the periphery of the 
hemisphere in which .the nucleus lies, thus accounting for the 
darkly staining properties of this portion of the structure. At 
the same time the cytoplasm itself becomes chemically changed, 
for it reacts slightly to a chromatin stain. The nuclear sap does 
not appear to take any differential stain but is disseminated 
through the cytoplasm of the cell. 

That this is the true explanation is evidenced by cross-sections 

> Principally in Stichoitemma eilhardi^ p. 437 ; ZygonemerUs virescens, p. 483 ; 
Teirastemma tleganiy p. 431. 
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of the pseudo-cell (Fig. i6, a and b, PI. III.). Here one sees 
a thin rim of darkly staining material which is usually more 
prominent in one hemisphere though occasionally a continuous 
one is found (Fig. i6, b). Within this rim are the nucleolar bodies 
often forming a considerable mass or, as in the figure, spread out 
singly with their edges closely applied to each other. The in- 
terior of the structure takes a plasma stain but slightly and is 
very homogeneous in character. Fig. i6, c, PI. III., is a draw- 
ing of a pseudo-cell in which some of the nucleolar bodies were 
in the pole opposite to that in which the darkly staining mass 
was found. They are evidently of a different nature than the 
others as the stain is apparently largely a plasma one. 

The cause for the changes above outlined may possibly be due, 
as previously noted, to a substance secreted by the cytoplasm of 
the egg. This evidently causes a separation of the nuclear ele- 
ments and they become arranged as above described. Further 
study on the processes which take place in the absorption of these 
bodies may serve to make clear the advantage, if any, which re- 
sults from the arrangement of the material after the fashion above 
described. Sometimes the pseudo-cell lies in a conspicuous 
vacuole and at others none can be distinguished. The metamor- 
phic changes are not entirely comparable to digestive processes 
for they cease for a time with the peripheral disposition of the 
darkly staining elements. The nuclein, which is highly resistant 
to digestive ferments, may serve to protect the contents of the 
structure from further changes. 

2. Pseudo-cells. Derived from Nuclel 

There are a considerable number of pseudo-cells which are 
derived from the nuclei of the nourishing cells. In such cases, 
after being taken into or fusing with it, the cytoplasm seems to 
blend with that of the egg and then changes occur in the 
remaining nuclei which are similar to those described as taking 
place in the nucleus of the whole cells which are transformed 
into pseudo-cells. The nucleolar bodies do not cause the rup- 
ture of the nuclear membrane, but there is an evident separation 
of the nuclear elements, as the peripheral darkly staining rim 
clearly shows (Fig. 17, PI. III.). This process is comparable 
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to that described by Doflein ('97) and Allen ('00) for the pseudo- 
cells of Tubularia. I have found no cases of division of these 
bodies. 

3. Pseudo-cells Derived from Nicleoll 

It has already been shown that the nucleolus of the nourishing 
cell sometimes migrates out of the nucleus, leaving a broken and 
partially destroyed nuclear membrane. After such a cell becomes 
a part of the egg the nucleolus may persist and form one of the 
minute bodies so plentiful in the egg. Fig. 6, PI. I., shows the 
nucleolus migrating out of a nucleus before the union of the cell 
with the egg. 

Nucleoli and other bodies within the nucleus are also set free 
in the egg cytoplasm by another process. Along the periphery 
of the egg one often finds examples of the apparent fusion of the 
cytoplasm of a cell with that of the egg followed by the enlarge- 
ment of the nucleus in a manner slightly different from that 
described in the processes concerned with the transformation of 
whole cells into pseudo- cells. This condition was most common 
in those preparations which showed the food spherules in the 
nourishing cells. The outline of the nuclear membrane becomes 
irregular, often presenting the appearance of the nucleoli as 
being under an influence forcing them outward through the 
membrane. The outline of the nucleus may become twice as 
large as that of the normal. Fig. 20, a and b, PI. III., are draw- 
ings of such nuclei but are by no means as irregular as many 
which were found. Whether these peculiar conditions ever 
result in the formation of a characteristic pseudo-cell or not, I 
have been unable to determine. That they do not seems highly 
probable. Their fate seems to be in the setting free of the 
nucleoli by the breaking or absorption of the nuclear membrane. 
Conditions which justify this conclusion are shown in Fig. 15, 
PI. III., in which a nest of nucleoli are shown. Their appear- 
ance and arrangement indicate that the nuclear membrane had 
just disappeared as no trace of it could be seen. The minute 
bodies differed slightly in their staining reactions as indicated in 
the drawing. Probably, too, the metaplasmic bodies previously 
described as occurring in the cytoplasm of the egg persist and 
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swell the number of the minute spherules so plentiful in some 
preparations. 

From the above accounts of the origin of the pseudo-cells it is 
easy to see how, ranging as they do from exceedingly small to 
very large ones, the conclusion might very naturally be reached 
that they are products of the cytoplasm of the egg and grow 
within it, undergoing certain changes in the process. Possibly 
the metaplasmic bodies which have been described are derived 
from the cytoplasm. It is not improbable, then, that some of the 
darkly staining bodies, are, as Kleinenberg and others concluded, 
accumulations or growths within the egg, but the majority, so 
large that the process just mentioned may almost be disregarded, 
are the remains or parts of the nourishing cells which are taken 
into the egg, and, under certain influences undergo changes re- 
sulting in a partial breaking down, and a characteristic disposition 
of the elements composing them. These changes are not the 
same in all coelenterate eggs in which pseudo-cells occur. The 
hydroid eggs which I have examined (Tubularia) showed no 
minute bodies at all. The pseudo-cells appeared to be derived 
entirely from the nuclei of the nourishing cells. Possibly the 
process here described may be found to occur only in periods of 
excessive sexual activity when food is very abundant. 

Nematocysts within the Egg. 

In the early part of the paper it was noted that nematocysts 
may become imbedded in the ^^'g. In several preparations, par- 
ticularly in the region near the supporting layer, there were found 
oval bodies, apparently nematocysts, which were completely 
covered with minute spherical granules. In some few cases a 
suggestion of the filament within the nematocyst could be seen. 
The shape and position of these bodies led to the conclusion 
that they were nematocysts which were being absorbed or di- 
gested. The nature of the granules covering their surface is an 
open question. They may possibly have been digestive granules 
of some sort. 

History of the Nucleus. 

The early history of the nucleus is diflicult to follow. As 
previously narrated, the egg begins its growth by the coalescence 
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of several cells whose cytoplasm unites to form a common mass 
and some of whose nuclei undergo certain degenerative changes 
while others apparently remain unchanged within the resulting 
multinucleate structure. It has also been suggested that all but 
one of these nuclei are transformed into pseudo-cells while that one 
becomes the functioning nucleus of the egg. In the early part 
of these studies it was thought that possibly all of the nuclei 
became functionless while the functioning nucleus was reformed 
de navo^ from the nuclear material set free in the cytoplasm. 
The examination of a very large number of sections failed to 
furnish any growing egg without an apparently functioning 
nucleus. It seems therefore that from the beginning of the 
growth of the egg one nucleus retains its sovereignty, though it 
is impossible to maintain that for a time the others do not perform 
some of the nuclear functions. It is difficult, in examining the 
egg when in this multinucleate stage, to determine which is the 
functioning, or to be, the functioning nucleus. As soon, however, 
as it becomes distinctly recognizable, it has an appearance much 
as the one shown in Fig. 7, PI. I. Both the nucleoplasm and 
the cytoplasm become more granular, but very shortly after, the 
nucleoplasm appears to be of an homogeneous character such as 
i§ shown in Fig. 8, PI. I. At the same time the nucleoli increase 
rapidly in number, there being always one large one eccentrically 
placed within the nucleus. The staining reactions of the smaller 
nucleolar bodies indicate that they are not all of the same chem- 
ical composition. The nucleus is frequently found to be elliptic 
in section with its long axis at right angles to the supporting 
layer. The growth of the egg is attended by a corresponding 
increase in the size of the nucleus ; the number of nucleoli in- 
crease greatly, while the nucleus, in the meantime, approaches 
the outer portion of the egg. In some cases there have been 
counted as many as eighty to ninety nucleolar bodies in a single 
nucleus. Vacuoles frequently appear in the larger ones. 

The darkly staining area noted by Brauer ('91^) as occurring 
near the large nucleolus has been observed many times. It is 
shown in Fig. 9, PI. II., and thus highly magnified, is, as he 
correctly observed, due to an aggregation of exceedingly small 
bodies, possibly of the same nature as the nucleoli. 
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There is a definite nuclear membrane closely applied to the 
cytoplasm. 

In some cases a single cross-section has shown three eggs 
almost fully grown. Their separate masses in such cases are not 
separated by an egg membrane of any sort, but flow into each 
other at their boundaries, which are indicated by a lesser thick- 
ening of the egg mass. In such cases it appears that there are 
three distinct areas in which the growth of an egg has begun in 
the manner previously described. Tannreuther ('08) has made the 
observation that after the coalescence of the large ova, two or 
more of the nuclei persist and each becomes a functioning nucleus, 
and each, presumably, appropriating a portion of the original 
mass making up the cytoplasmic portion of the growing tgg or 
eggs. My observations have given no evidences of such a condi- 
tion or process, but indicate rather that egg development begins 
in two or more points or areas, and growth continues, until, by the 
total appropriation of the nourishing cells, their masses become 
continuous. 

By the time the egg has attained its growth the nucleus has 
migrated to the periphery of the egg where it lies in an area free 
from pseudo-cells, and just beneath the ectoderm. The mem- 
brane becomes very indistinct, while a slight shrinkage away from 
the cytoplasm is noticeable (Fig. 14, PI. II.). This condition 
becomes more pronounced for the outline of the nucleus becomes 
very irregular and almost indistinguishable. This condition, as 
Brauer ('91^) has stated, precedes the formation of the first 
maturation spindle. 

Maturation. 

These processes have been described by Brauer (*9 1 ^) and Tann- 
reuther C08) for Hydra sp. ?, and my own observations have added 
little to the account as given by them. The former writer 
states that the number of chromosomes is probably twelve or 
fourteen. Their shape and size make an accurate determination 
difficult, but I am inclined to consider that the number is as great 
as sixteen. The polar bodies are easily found in mature eggs, 
lying just beneath the ectoderm, and may remain attached to the 
egg by a cytoplasmic strand even after exposed to the water. 
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Extrusion of the Egg. 

As previously noted, the egg begins by a process of coales- 
ence, which may take place in more than one place, so that there 
may be three or four eggs growing on the same animal at the 
same time. In such cases the growing eggs form a thick band 
entirely surrounding the animal, and, in some cases, almost all of 
the upper third of the body. In other cases but one egg develops, 
when it appears as a well pronounced dome-shaped elevation, 
from which, before maturity, pscudopodial processes radiate out- 
ward, and may encircle over a half of the circumference of the 
body. In either case the completion of the process of appro- 
priation of the nourishing cells is marked by the disappearance 
of the pseudopodial processes, and it then becomes more regular 
in outline, and more pronouncedly dome- shaped (Fig. 28, PI. IV.). 
The ectoderm is then ruptured and quickly withdraws over the 
egg giving rise then to the bowl-shaped depression, or, if the ex- 
tent of the area occupied by the egg or eggs makes this process 
impossible, the ectoderm is ruptured and the egg mass flows out 
through the opening gradually taking on the spherical shape and 
the shrunken ectoderm again forming the bowl-shaped depres- 
sion in which the egg is found always to lie. The whole process 
rarely occupies more than two minutes and is sometimes accom- 
plished even more quickly. The egg is attached to the body by 
delicate filaments continuous with the egg membrane. 

Fertilization. 

The process of fertilization has been described by Brauer ('91^) 
and to his account little can be added. Unless the process is 
effected within a few hours after the extrusion of the egg, it 
becomes vacuolated and increases greatly in size, and finally goes 
to pieces. Numerous eggs were observed which, thus enlarged, 
gave off" a part of themselves after the fashion of budding yeast. 
These parts thus set free were sometimes as much as one third the 
volume of the egg. Some eggs were found to be infested by a 
protozoon which fed upon the egg material. The interior of the 
egg in such cases contained hundreds of them. Apparently 
vigorous eggs were not found to be so attacked, but those in 
which degeneration was going on were frequently infested. It is 
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not impossible, however, that the healthy and vigorous egg may 
be sometimes thus infested. 

Egg Membrane. 

For some time before breaking through the ectoderm the sec- 
tions show an egg membrane of varying thickness to be present. 
This is sometimes difficult to find until shortly before the emer- 
gence of the egg. When the egg becomes surrounded by water 
the membrane is invisible owing to its transparency, but quickly 
becomes evident upon the application of killing fluids. 

CT.EAVAGE. 

The first cleavage is total and equal. It begins at the distal 
pole of the egg and in a plane usually at right angles to the 
long axis of the body. Papillae are well developed at the point 
where the cleavage begins and are easily seen on either side of 
the cleavage furrow when very young (Fig. 23, a, PI. III.). 
This agrees with Kleinenberg's observations on the cleavage of 
H, viridis. The furrow deepens and its edges close over as it 
advances, its position being shown by an opening extending 
completely through the egg (Fig. 23, ^ and r, PI. III.). The first 
cleavage is accomplished in about thirty minutes. 

The second cleavage takes place in a plane at right angles to 
that of the first and is also total and equal. The papillary proc- 
esses are also to be seen in the cleavage furrow. The four 
resulting blastomeres are of nearly equal size (Fig. 23, d, PI. 
III.). The third cleavage takes place in a plane at right angles 
to the other two or parallel with the long axis of the body. In 
this case the cleavage furrow is much less distinct and is formed 
more slowly in some of the blastomeres than in others, with the 
result that from this point onward the blastomeres vary in size 
and give rise to an extremely irregular mass of cells (Fig. 23, 
e, /, g and A, PI. III.). In the third and even later cleavages 
papillary prominences are frequently to be seen at the beginning 
of the cleavage furrow. These conditions greatly resemble those 
described by Kleinenberg for H. viridis. The blastomeres vary 
considerably in size, those at the proximal pole usually being of 
somewhat greater dimensions. At the conclusion of the third 
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cleavage the cleavage cavity is established (Fig. 24, PL IV.). 
After the third, the cleavages take place in such an irregular 
fashion as to make it impossible to follow them. As a result, 
however, of further divisions, there is formed a hollow mass of 
cells which in some cases vary but little in size, while other sec- 
tions show a much greater variation (Figs. 26 and 27, PI. IV,). 
This increases in size by the continued tangential division of the 
cells until a very large blastula is formed (Fig. 27, PI. IV.). The 
inner ends of the cells contain the larger portion of the pseudo- 
cells while the nuclei are located near the outer part. 

Embryonic Layers. 

The cells of the blastula above described are nearly of the same 
size, though some project into the cleavage cavity farther than 
others. Division of these longer cells occurs and the entoderm 
is thus formed by a process of delamination. With these daughter 
cells are carried the larger part of the pseudo-cells, so that when 
the process of entoderm formation is finished the ectoderm cells 
are comparatively free from them. By the continued division of 
the primitive ectodermal cells in this fashion the cleavage cavity 
becomes almost entirely obliterated. The entoderm cells also 
divide and the solid mass of cells is formed. That the ectoderm 
cells may themselves be crowded into the cleavage cavity as ob- 
served by Brauer ('91^) found no confirmation in the prc[)arations 
examined. Radial divisions were the most numerous with few 
tangential divisions. 

No uniformity in the size of the eggs produced was observed 
for the amount of material available for the growth of the egg 
determines in large |>art its ultimate size. 

The completion of the formation of the entoderm marks the 
beginning of the processes resulting in the embr>'onic membranes, 
which, as in other s|)ecics of Hydra, consist of an outer chitinous 
and densely spiculate shell and a ver>' thin inner membrane just 
beneath it. The former lakes its origin as follows : The ecto- 
dermal cells constituting the outer layer of the cmbr><) send out 
slender processes as shown in Fi^'. 13, PI. II., anti Fi^. 2<>. PI. 
IV. These arc most frecjuently f(>rme<l in groups \\{ tun t>r more 
and are remarkably lar^e when compared with the size of the 
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whole cell. Rarely more than one is produced by one cell so 
that the several processes constituting a group are formed from 
contiguous cells. The ends of the process show a marked curve 
away from the axis of the group. The growth outward of these 
processes carries with them at their extremities the egg mem- 
brane which remains a noticeable part of the embryo even at the 
time it is set free from the mother. The ectoderm cells at this 
time are very long and appear greatly distorted as a result of the 
great change in form. The outer part of the ectoderm cells then 
gives rise to a thin chitinous envelope as shown in Fig. 12, PI. II. 
The cytoplasm within the envelope and near the extremities of 
the projections becomes very much more granular than the 
remaining portion, and takes a darker stain as a result. The 
chitinous covering continues to thicken, and the protoplasmic con- 
tents of the processes apparently give rise to the chitinous material 
of which the spicules are composed, whether by a transforma- 
tion of the protoplasm into the chitin or by a process of secretion 
of the material of which it is composed, I am unable to state. 
The appearance of the protoplasmic granules just within the 
chitinous covering of the processes would indicate a deposition of 
material at that point. As this chitinous envelope becomes 
thicker, and of course harder, it gives rise to a very effective pro- 
tective covering. From the above account it is evident that the 
covering takes its origin from the outer part of the ectoderm cells ; 
the basal portion containing the nuclei and a few pseudo-cells 
remains apparently unchanged. Beneath the shell there is now 
a layer of cells of somewhat smaller dimensions but otherwise 
differing little from their condition before the formation of chitin. 
From the outer part of these cells there is then secreted the thin 
inner membrane, and the process is thus completed. 

This account agrees in general with that given by Brauer (91^1) 
for Hydra sp. ?. After the completion of the process of shell for- 
mation the embryo remains attached to the mother by means of 
two or three tough strands which are also somewhat chitinous. 
They are apparently identical with those holding the egg after its 
emergence from the ectoderm. In the meantime the shell be- 
comes harder and sections show its characteristic laminate 
structure, that is, the delicate lines which give it an appearance 
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of being so constituted. Usually within two days the embryo 
falls from the parent and its point of attachment is then marked 
only by the bowl-shaped portion of the shrunken ectoderm by 
which the egg was originally covered. 

No study was made of the processes concerned with the 
further development of the embryo and of the cytological changes 
involved in the transformation of the embryonic layers into the 
definitive ectoderm and entoderm, nor of the further changes in 
the pseudo-cells. That marked changes must take place be- 
comes evident when one considers that in the ectoderm there 
must be developed muscle and nerve cells, interstitial cells and 
nematocysts, while the pseudo-cells are to be absorbed and 
utilized by the etitoderm cells. It was found that embryos 
would develop and give rise to young Hydra in about three 
weeks. This, of course, was at the temperature of the laboratory. 
At the time of first appearance from the shell they are possessed 
of four short tentacles, which later increase to six or more. All 
traces of the pseudo-cells have disappeared by the time of the 
completion of the definitive ectoderm and entoderm. 

General Discussion. 

As to the true nature of the growth of coelenterate eggs, two 
views have long been prevalent. One, commonly known as the 
amoeboid theory, is so denominated on account of the striking 
likeness of the growing egg to an amoeba — this likeness lying in 
the amoeboid-like movements in its migrations from one tissue 
into another ; in that it often possesses pseudopodial processes like 
those of an amoeba ; and more remarkable still, frequently engulfs 
neighboring cells much after the fashion of an amoeba taking in 
food particles. The opposing theory disavows the likeness, 
maintaining that the egg grows by the dissolution of the cell 
walls between the egg and the cells contiguous to it, and that 
this process with its resulting conditions has no likeness to true 
amoeboid activities. 

The former view was first suggested by Balfour ('80) and up- 
held by Weismann ('83), Metchnikoff ('86), Brauer(*9i) and con- 
ditions apparently supporting it have been described by many 
more recent writers. Doflein ('97) was the first to publish ob- 
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servations seriously opposing it. He described the growth of a 
coelenterate egg as taking place by the fusion or blending of the 
egg with its neighboring cells, and pointed out further, that 
vacuoles do not form about the engulfed cells in the case of those 
eggs described by the supporters of the theory, but only about 
their persistent nuclei. He concluded, therefore, that the amoeba 
likeness was a misconception. Ciamician (*79) had previously 
described the enlargement of an egg by the coalescence of the 
egg and the cells surrounding it. 

The present conception may perhaps best be indicated by 
quoting from Wilson ('oo) * who states that the egg cell in coelen- 
terates may move actively about in the neighboring cells like an 
amoeba and ** in such cases (hydroids) the egg may actively feed 
upon the surrounding cells, taking them bodily into its substance, 
or fusing with them and assimilating their substance with its own. 
In such cases {Tubularia, Hydra) the nuclei of the food cells 
long persist in the egg C5^oplasm forming the so-called ' pseudo- 
cells ' but finally degenerate and are absorbed by the egg." 

It does not seem necessary to assume any active amoeboid pro- 
pensities on the part of the ^gg of Hydra to account for the proc- 
esses concerned in its growth. That the egg in its early history 
is entirely devoid of any similarities to an amoeba is evident from 
the account given above of its growth at that time. The coales- 
cence of the primitive ova is surely not comparable to any 
amoebic activity. Nor do the ova migrate from one part of the 
body to another as in the case of certain hydroids. The growing 
egg does not, at first, at any rate, feed upon the surrounding cells 
after the manner of an amoeba engulfing food particles. That 
the surrounding cells become a part of the egg is true, but the 
process by which the union is accomplished is simply a coales- 
cence of a group of cells to form a larger mass over which a 
single nucleus comes in time to hold sovereignty. Possibly but 
one nucleus is functional from the beginning of the process. 
Possibly one cell is at all times the controlling factor in all of the 
processes, but this is difficult to prove. 

Nor does it seem necessary to assume any active amoeboid 
properties on the part of the egg in order to account for the fact 

>**The Cell in Development and Inheritance,*' p. 150. 
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that cells are taken bodily into it. Indeed, the facts already set 
forth are not at all comparable to amceboid activities. Some cases 
were found in which it would appear that the nourishing cells 
over a limited area had been transformed into pseudo-cells even 
before entering the egg. Occasionally, isolated cases of such 
changes were found at a considerable distance from the egg. 
Again, the protoplasmic mass resulting from the processes above 
described is under a certain pressure due to the tension of the 
ectodermal layer by which it is covered, and would therefore tend 
to flow into intercellular spaces and often simulate active amcebic 
engulfments by partially surrounding a cell. It seems more 
probable that the egg by some chemic influence causes a pro- 
found change to take place in the cells which surround it. Possi- 
bly the regressive changes, including the formation of. the pseudo- 
cells, is due to this cause. The amoeboid form of the egg does 
exist but perhaps due in part, at least, to the causes suggested 
above. Just before breaking through the ectoderm, in all cases 
examined, the egg had appropriated all of the nourishing cells 
between it and the ectoderm. Rarely, there are groups of cells 
on either side of the egg which have not been appropriated. The 
rounding off process described for the eggs of ccelenterates is not 
due entirely to any activity on the part of the egg of Hydra to 
effect such a form, but is the result, in large part, of the con- 
sumption of all of the available nourishing cells within the ger- 
minal area so that a more or less regular outline results. That 
undoubted similarities between the growing egg and an amceba 
do exist cannot be denied, but I am persuaded that these like- 
nesses are frequently too widely applied and lead to miscon- 
cq>tions. 

Summary. 

1. The egg begins its growth by the coalescence of a group of 
the primitive ova; this process Ls frequently attended by a |)cculiar 
nuclear degeneration. One of the nuclei from the group becomes 
the functioning nucleus ; the others either disap{>ear in the cyto- 
plasm or arc transformed into pseudo-cells. 

2. The egg thus beginning its growth continues to increase in 
size by two processes : (*/) By the disapj>earance of the cell 
wall between it and nci|;hboring cells attended by a regressive 
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change in the nucleus which later becomes scattered and absorbed 
in the cytoplasm. {6) By a union with neighboring cells which 
later, either in whole or in part, become transformed into the 
so-called pseudo-cells. This process may consist in the engulf- 
ment of whole cells. 

3. The pseudo-cells are metamorphosed whole cells, nuclei or 
nucleoli, in which certain characteristic changes have been brought 
about. These changes are doubtless produced by a chemic in- 
fluence from the egg. 

This paper was undertaken at the suggestion of Dr. C. W. 
Hargitt. I desire to express my sense of obligation to him for 
his valuable criticisms and helpful suggestions. 
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Explanation of Plate L 

Fig. I. Loogitadinml lectioo through a portion of the germiiul area. Hie charac- 
ter of the celli is well shown, as also the metaplasmic bodies frequently occurring in 
these cells. The doable character of the nacleoli is noticeable. That they are 
composed of different material is eridcot from the difference in staining capacity. A 
nematocyst {m^m,) is shown imbedded in the mass of cells. >; 975* 

Fig. 2. A group of the primitive ova in which the regressive changes are just 
started. In the cell marked (a) the chromatin is retreating toward the periphery of 
the nucleus ; in that marked (^) the spireme is formed. The cells are a little larger 
than the other primitive ova which are shown in the upper right hand comer. X ^5^^* 

Fig. 3. The distal portion of a growing egg in which the outline of an engulfed 
cell is clearly shown. The celKwall appears as a welMcfined line. X ^So. 

Fig. 4. The fragmentation of the nucleus of one of the cells contributing to the 
mass of the egg. The cell-wall has in part disappeared, while the coalescence with 
a neighbor cell has begun. The nuclear membrane has dissolved and the chromatin 
filaments are being scattered. Vacuoles are conspicuous in the nucleolus. X ^S^* 

Fig. 5. A condition not quite so far advanced as that in Kig. 4. Several meta> 
plasmic bodies are apparent In the cells bordering on the egg, the regressive 
nuclear changes have begun. X ^S^ 

Fig. 6. A nourishing cell bordering on the egg. The nucleolus has broken 
through the nuclear membrane. Within, the broken chromatin filaments are plainly 
visible. X 65a 

Fig. 7. A young nucleus showing the single large nucleolus and several small 
nucleoli. Cliromatin filaments arc evident. X ^S^* 

Fig. 8. .\n older nucleus in which the nucleoli are very numerous. There are no 
traces of chromaiin filaments whatsoever. >. 650. 



34 HAI HH E. WAGER. 



KXI'l.WATMiS (»F Pi ATI-. II. 

lit;. 9 A drawing of a part of a growing rgg showing (lie nucleus in the process 
of sliortcning from the elongated form. '1 he characier of the cells outside of the egg 
itself is typical. In one of them the regressive changes are well under way, the 
nuclear membrane having disappeared entirely, and the chromatin filaments ^t free 
in the cvtoplasm. One of the very large cells, probably resulting from the coalev ence 
of two cells, t^ likewise shown. Darkly staining lines in chromatin material indicate 
the probable fatr of the nuclear stufi*. 

Within the nucleus of the egg are a Urge number of nucleoli and a single \*T^t 
nucleolus. In the cytoplasm is a tangle of filaments evidently the remnants of a 
cell whose mass has been added to that of the egg. Several inetaplasmic btMiies are 
also visible. ^< 650. 

Fig. 10. A portion of a growing egg and a group of cells u^wn its periphery. 
The very Urge cell, probably derived from the fusion of two or more, is about to unite 
with the egg mass. In its nucleus the regressive changes are well advanced. In 
the small cell outside of this large one, the chromatin has assembled in the spireme, 
preparatory to union with the Urge cell. > 650. 

Fk;. II. A |»art of an egg in which occurred one of the very large pseudo cells. 
Three thickened and darkly staining portions of its rim are noticeable. Along its 
edges, in two places at least, one can see the nucleoli from (he cells i^ntrilmting to 
the mass. >. 650. 

Fu;. t}. A portion of the ectcMlermal layer of a fully segmented egg showing the 
manner of outgrowth of the cells previous to the formation of the chitinous shell. 
- 650. 

hu*. 13. The beginning of (he shell formatifm by the desclopmerit of the chitinous 
layer outside of the ecttnlermal processes. - 650. 
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KXPLANATION OF PLATF. III. 

Fk;. 14. I)isial portion of an egg at about the time of its breaking through the 
ectoderm, and previous to the process of maturation. The nucleus at this time 
becomes less darkly staining, and Irregular in outline. The pacudo-cclls are typical 
in that there are shown the variety of forms and sizei. * 650. 

Fui. 15. A nest of nucleolar bodies which have evidently been derived from a 
single nucleus by the dissolution of the nuclear membrane. These stain with different 
degrees of intensity, and in double staining, in different colors, indicating their differ* 
enct in comjx)»ition. "^-^ 850. 

Vie. 16. ff, section through a pseudo-cell showing the thin rim of darkly staining 
material and the nucleoli arrange<1 within it. ^, another section in which the periph- 
eral disposition of the nucleolar masses is conspicuous, c, a pseudo cell in which 
the nucleoli are shown in the pole op(M>site the darkly staining one. In this case they 
take a distinct plasma stain when double stained. - 850. 

Fifi. 17. Cross-section of a pseudo-cell probably derived from a nucleus. The 
|>eripheral disposition of the chromatin is apparent in this as in the other cases. - 850. 

F'iG. 18. A pseudo cell which shows i*s triple origin. Three nuclear masses are 
apparent as also three se(>arate areas which stain darkly, y 850. 

Fig. 19. A very large body found just outside of a growing egg, and in which 
were shown four well defined nuclei and traces of a fifth. Such conditions were found 
but once and may have been an artifact. However, the very 1ar);e size of some of 
the pseudo>cells indicates that such lai^e masses of coalesced cells frequently occur. 

X850. 

F'lG. 20. A number of nuclei as found in tome ol the cells outside of the egg. 
There were in some a number of nucleolar bodies which were not of true chromatic 
origin iMit ap()arenily food masses within the nucleus. They were of a yellowish 
cplor. These were not found in all cases, but those sections on which they were 
found were a|>{>arently well fixed and stained. Possibly their presence de()cndcd 
upon certahi metabolic processes. '-^ 850. 

F'lG. 21. Three stages in the mctamorf)ho«is of a whole cell into a |>seudo-Cell. 
In a, the ootlioe of the nucleus is still evident and traces of the chrum«tin filaments 
are also visible. The nucleoli are prripherslly arrangctl within the nucleus. Id ^, 
the nucleolar bo<)ies have become mata ed togecbcr and tlie hemisphere of the cell in 
which they lie is slightly more darkly staining than in the p re* km* fiffvre. In t, the 
transformation is complete, llie nucleolar mass is visible, but its containing hemi- 
sphere is now very darkly staining, the boundary of the stained being sometimes 
aharf)ly defined from the unstained portion. *'" 650. 

Fig. 22. One of the flattened short spiculated eggs ; drawn from a section. 

Fl(i. 2). A series of drawings of a segmenting egg. «, ^ and 1, the l>eginning, 
middle and ending, of the first cleavage. </, the four-celled stage. I'p to this time 
cleavage U regular, total and ef)ual. r, drawing %howing the irregularity of the later 
cleavages. In this case the cleavage bnes were iu>t entirely visible /, ji and 4, later 
stages, %howin^ more ppmounced irregularities. 
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Explanation oi Piatk IV. 

Fig. 24. K({oa(una1 section through the eg>c Mrgmented to the eight>ceI1c<l stage. 
The cleavage cavity and protoplasmic bridges are well %hown. 

Fig. 25. Similar section through the egg at a little later stage. The cleavage 
cavity is more definite and a vartatiim m the size of the hlastomcre^ is noticeable. 

Fig. 26. Section through the ^gmented egg at a more advanced stage. In this 
case the process seems to have been unusually regular. The blasiomeres are appar- 
ently of nearly uniform sice, and regularly arranged. 

Fig. 27. Segmentation carried to the completion of the hollow mass of cells ju%t 
before the beginning of the formation of the primitive entoderm cells. Some of the 
cells are noticeably larger and longer than others. 

Fig. 2&. The growth of the egg completed. The lir^t polar body is to l>e seen 
just beneath the ectodermal covering. The egg membrane is al%o visible a* a thin 
•lightly shaded area beneath the ect<Mlerm. 

Fig. 29 The protoplasmic pr<»ce«s from the ectodermal cells about which the 
Bpicalate structures are formed. The chitinous envelo|>e is already forming. The 
dark spot in one of the proce^<^e^ is not a pseudo celt, but a piece of foreign matter in 
the preparation. 



SOME NOTES ON THE ANATOMY OF THE 
THYROID GLAND IN SELACHII. 

A Preliminary Communication. 

GUY DAVENPORT LOMBARD, 

Late Instructor in Histology, Cornell University Medical College, 

New York City. 

During some investigations into the relation of the blood supply 
to the glandular masses of the thyroid, pursued at the Marine Bio- 
logical Laboratory at Woods Hole during the summer of 1905, 
I found it necessary to first inquire into the anatomy and anatom- 
ical relations of the thyroid gland in the Selachii. The anatom- 
ical literature yielded such scant results, both text and illustra- 
tive references being only causal, that I deemed it of some 
possible service to future investigators to present a short account 
of the results obtained. 

The thyroid gland of the dogfish {Mustelus Cants) was exposed 
by the following process : A median longitudinal incision was 
made through the integument from the inferior mandible to the 
anus, care being taken not to injure the underlying structures 
immediately beneath, and closely adherent to the integument, we 
come, in the inframandibular and hyoid region, to the transverse 
fibers of the constrictor pharyngii muscle. An incision through 
this comparatively thin sheet of muscular tissue exposed the 
coraco-mandibular muscle, whose fibers, lying parallel to the body 
axis, were then severed by a transverse incision 2.5 to 4.5 cm. 
from its insertion ; the anterior end was then reflected to its man- 
dibular attachment. This exposed the thyroid gland, lying just 
behind the posterior border of the mandible, and resting upon the 
coraco-hyoid muscle whose fibers parallel those of the coraco- 
mandibular muscle which is the more conspicuous because of its 
size and compactness. 

The thyroid gland is easily recognized by its shape and color, 
it being typically shield-shaped, the convex border forward, and 
having cells which carry a pronounced amount of yellowish pig- 
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ment of an almost orange hue. The organ is almoNt shcct-likc 
in its thinness. A dogfish of 115 cm. had a thyroid gland 
measuring antero-posteriorly J9 mm., from side to side 42 mm., 
and in thickness j mm. ; it weighed 502.5 milligrams. 

The thyroid gland is approximately unilobular, yet shows some 
evidence of beginning lobulization. In addition to an almost 
separate posterior portion it often has in its main body certain 
indications of a tendency to further lobular subdivision formed 
by interruptions of the glandular tissue which are filled in by 
septa or trabecula- of loose connective tissue. There may be 
three incisures of this sort, all beginning at the posterior border 
of the main portion of the gland and extending, almost at right 
angles to the border, into the glandular substance. The most 



Vlf.. I. Outline of ibt ihjrroiil glind of * doKfiih ■> viewed frcmi ibc tenlnl lur- 
fmcc. thiiwing the diitntiulioD uf iu rtrleri*! iuppt)r. 1 h* dolled Vmn indicxe in area 
over which (he ihytnid tubMance wu delicieiil, a, right ( dunal ) Ihyruid wlery ; t, 
led (*eolnl) ihyiuii) tntrj. 

constant of these fissures, and the largest, is situated in the 
median line ; a smaller indentation is olYen observed on either 
side of this primary one, almost |>arallel to it, and so placed as to 
bf approximately equidistant between the primary fis^u^e and 
the lateral border of the gland. 

The s. nailer fissures may vary in extent, but the one on the 
ri^hi of the median line is nearly always shorter than that on the 
lelt. ThiN dilTercnce is rcaiiily undersioixl by a reference to the 
an.itomical relation of the right thyroid artery to this portion of 



THE THYROID GLAND IN SELACHII. 4 1 

the gland. The indentations and consequent traces of lobuliza- 
tion conform closely to the areas of distribution of the main 
vessels. The lower, nearly isolated portion of glandular tissue 
is supplied by a branch from the right mandibular artery which 
enters the gland on its ventral aspect. The partially detached 
portion of tissue is placed close to the point of entrance of this 
vessel and is therefore supplied by the right thyroid artery and 
not by the left, the vessel entering at the free end of the partially 
detached lobule; on the left this lobule is continuous with the 
body of the gland but does not, as one might expect, derive its 
blood supply therefrom. The right thyroid artery also sends an 
anterior branch to supply the right posterior third of the main 
portion of the organ. The remainder of the gland is supplied by 
a corresponding vessel, a branch of the left mandibular artery, 
whose area of distribution is much more extensive than that of 
the right thyroid artery ; it enters the dorsal surface of the 
thyroid gland. 

The arterial connections were traced with the aid of injections 
of India ink into the conus arteriosus or into the cardiac ventricle 
of a freshly opened fish by means of a hypodermic syringe hav- 
ing a needle of very fine caliber. The continued contractions of 
the ventricle were sufficient to auto-inject the vessels under 
consideration. 



AUTOTOMY IN HOLOTHURIANS.' 

A. S. PEARSE. 

I. Introduction. 

It seems remarkable that any animal should make a regular 
practice of casting ofT parts of its body, and it is not strange that 
autotomy has long been a subject of more than passing interest 
to the scientific world. Although this phenomenon is present in 
a variety of animals it has been most fully studied in the arthro- 
pods and echinoderms. In the first of these groups the nervous 
control of the reflexes concerned has been investigated (Drzewina^ 
: 07 ; Morgan, : 02), and there seems to be no doubt that autotomy 
may occur as a result of stimulation which exerts no direct me- 
chanical strain on the parts thrown off (Torre Bueno, : 08). It 
is even maintained to be a psychic phenomenon in some cases 
(Pieron, :07) which is due to conditions within the animal itself. 
Many echinoderms are known to break off portions of the body 
as a result of external stimulation (I^ng, '96), but, to my 
knowledge, no studies directly concerned with the nervous con- 
trol of such reactions have been made. 

The experiments described in this paper were performed upon 
the two common holothurians which are found at Woods Hole, 
Leptosynapta inhierens (O. F. Miiller) and Tkyone briareus 
(I-pCscur). The object of the work was to discover the relation- 
ship of the central nervous system to the reflexes involved in 
autotomy. Evidence was obtained in two different ways. In 
one method of experiment various chemicals were injected into 
the body cavity, and their effect upon the general behavior of the 
animal was observed in connection with the phenomenon of self- 
mutilation. In another series of experiments animals were cut in 
two and the subsequent reactions of the two ends were compared. 
In this way evidence as to the im|>ortance of the nerve ring was 
obtained. 

* Contributiont from the /ot'i)i>(;Kal I^itvormtory of ibe I'ntvcrMiy of Michij^an, No. 
137. 
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II. Mechanism of Autotomy. 

As Lukas ( : 05) has pointed out the place where self-muti- 
lation takes place is usually determined definitely by the struc- 
ture of an animal, and in the two genera under consideration the 
process is quite different. Leptosynapta constricts off pieces at 
the posterior end of the body (Fig. i) until there is often only a 
small anterior fragment remaining. Such fragmentation is brought 
about by the strong local contraction of the circular muscles 
which pinch the body in two. 

Thyone never constricts off pieces at the posterior end. In 
autotomy the body- wall breaks open just behind the calcareous 




KiG. I. Lepio^ynnpta inharens^ showing method of autotomy. 

ring, at the point indicated by b in Fig. 2, and the visceral organs 
are thrown out. If the body is in the position shown in the 
figure, however, there will be no autotomy for the contraction of 
the circular muscles at c forces the calcareous ring {c,os,) back 
into the body. But if the tentacles are extended and the calcareous 
ring is pushed forward a break may occur at b, as a result of the 
strong contraction of the circular muscles at that point, and 
visceral organs are forced out. The calcareous, water-vascular 
and nerve rings are thus ejected from the body, together with 
the tentacles (/) and more or less of the alimentary canal {s, i). 
Whether this autotomy takes place or not depends upon the 
breaking of the inner branch {l.m.2) of the longitudinal muscle 
bands {Lm.), whose normal function is to retract the calcareous 
ring {c.os,). When the strain brought about by the contraction 
of the circular muscles {cm.) becomes too great these inner bands 
are torn asunder, usually at the point x, 

III. Dependence of Autotomy on the Presence of the 

Anterior Portion of the Body. 

In Leptosynapta (Fig. i) the manner of the fragmentation of 
the body points to an influence which perhaps comes from the 
circumoral nerve ring. Pieces are always constricted off from 
the body at the posterior end and fragments thus separated do 



not again break up, as is the case in the arms of some ophuroids. 
Furthermore, if an individual is cut in two in the middle of the 
body the posterior half does not constrict off pieces, though it 
undergoes irregular contractions and constricted rings are often 
formed. The anterior half however will continue to fragment at 
lis posterior end. The results are the same if an animal is cut in 
two in such a way that the posterior piece contains two thirds or 
three fourths of the body. 



r.m. l,m_ I tm. x p.v. /j^t /.mi 

Kl.:. a. Tkytnt hiartHi. The right side of the IhkIv-wiII » nrll ■> ^ <i.t „f li.e 
H'lrul pi lit ■>« have Wen removed. The impull.c ind ineHiimiei are no) ihiivn. 
b, point wbete bndy will ii rupluml in >utciioniy \ i. region where cifrular muiclri 
•le etrt'ciive in ptevenling auHXcxny ; i.. ,, tluac X clutnbrr ; r. w., circular oruxlei ; 
f... . cl..«<«1 o|*ningj ,.« . calcarcom ring i i. inlcLmc ; in, inleKunicnl ; t.m., 
loi>uiii><<ii>al muMle liin.l< ; / m./, outer Unnch oi 1iiiii,-itii.linBl muo.le I-ikU ; l.fo.j. 
inner l>rinch of luB|>iludin«l muvi le liindt : r.m , railial muM-ln irln< h itilate the 
cluai'il rhanilier ; t.l., retpiralory tree ; i, tinnucli : /. (eiit>cle> ; i, *ctk point In 
inner liranih o( lon|{il>»lin>l rouitle tun. I. 

Tlivom-'s mutil.itin;,' rtflL-xts always involve the loss of the 
nerve ring and the remaining portions of ihc body do n<H under- 
go further fragmenliition but ullimalcly regtncralc the lost part.s. 
As in Lifti'symtfftt tllfrt- la no aulotomy when the portion of the 
body which coniain.stlic nerve ring is absent. 

IV. Mkkkcj- (IK Cmimic.vi. SiK-HNCK- us Aluhumv. 
In oniiT to ascertain (ilntiicrsuhsiaiici.s which increascil the 
gciHT.il cxiiluhility wimUl imliKca ccrroiioruling incrc.isc in the 
nunilxr ..f individuals m.initi.-.tiiit; autiitomy. ci-rtain i\r\v^^ and 
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chemicals were injected into the body cavities of two hundred 
and forty-six holothurians. Thyone briareus was the only species 
used for these experiments, and the animals selected were of 
medium size, measuring from five to eight centimeters in length. 
As the normal reactions of this species have been described in a 
former paper (Pearse, : 08), they will not be considered in detail 
here. Twelve individuals were experimented upon at one time, 
and they were placed in pairs in six finger bowls which contained 
sea water. The substance to be tested was injected into the body 
cavities of ten individuals by means of a hypodermic syringe. 
The two remaining animals were pricked with a needle without 
having anything injected into them and served as a control. Ob- 
servations extended over a period of twenty-four hours in each 
case. Experiments were started in the morning and observations 
were made at intervals during the same day. The condition of 
the animals on the following morning was also recorded. 

The results of the experiments are set forth in Table I. A 
volume of distilled water which exceeded that of any of the other 
substances used was injected into ten individuals and they were 
apparently unaffected by it. It was therefore assumed that the 
effects obtained in the other experiments were due to the specific 
substances which were injected. 

Substances like acetic add and clove oil, which were apparently 
highly irritating and caused the most intense contractions of the 
muscles of the body-wall, did not bring about the ejection of the 
visceral organs. Nor were drugs like codene and atropine, which 
caused violent peristaltic waves of contraction to pass over the 
body, any more potent in inducing autotomy. The same may 
be said of sodium chloride, atropine and clove oil, although the 
injection of any of these substances was often followed by a 
waving of the oral tentacles to perform *' feeding " movements, 
thus bringing about favorable anatomical relations for autotomy. 
All the reactions induced by the substances mentioned indicated 
violent stimulation or great bodily activity, but none of them pro- 
duced any increased manifestation of self-mutilation. 

The injection of strychnine was followed by the largest per- 
centage (35) of cases of autotomy and methylene blue came next 
(22 per cent.). Strychnine apparently caused a great increase in 




40 A. S. PEARSEL 

Table I. 

SnowiNt; THE Effects of Injecting Ckriain Substances into the Body 
^ Cavity of Thyont briarfus (I>esear). 



_3 

• 1. 

•^ ■ 
- C 

I. 

Acrtic acid Io% .I-.25 20 

Alcohol, ethyl 95% 77-3.85 «o 

Atropine ? ? 10 

Chloretone Sal. sol. .77-3.85 lo 

Chloroform Cone. .77-3.85 ID 

Codene sulphate I % • 1-2 lo 

Clove oil Cone. .1-2 20 

Curare Powder ? 20 "20 

Ether Cone. .77-3.85 ID I lo 5 5 lO 

Magnesium chloride.. 20% .77-3.85 10 64 

Magnesium .Milphate.. 20% .77-3.85 lo 6 46 

Methylene blue 2% .77-1.54 18 4 18 l> 18 18 

Morphine sulphate... I ;;, .5 lo 10 

Nicotine 05% .15-3.85 20 2 20 8 9 II 

Sodium chloride Io% I.55 10 5* to 

Strychnine Powder ? 20 7 l' ao 

Sugar 50% .77-3.85 9 «' 7 2 

Turpentine (>>nc. .77 10 2 2' 10 

Water, distilled (^onc. 5 9 9 

Total 246 IQ 20 >*4 35 40 jo 61 114 55 97 

the general activity without causing the reactions to become 
abnormal. The tube-feet over the whole body were waved 
actively back and forth, and both the peristaltic contractions of 
the body-wall and the respiratory movements were strong and 
frequent. Methylene blue, on the other hand, caused a complete 
cessation of such normal activities as respiratory movements and 
peristaltic waves ; the body-wall and tube-feet were strongly con- 
tracted. This substance caused death in every instance. 

Autotomy took place under quite diverse conditions in the two 
cases and cannot, in the light of these experiments, be affirmed 
to result from either •* over " stimulation or extraordinary activity 
alone. In my opinion it may better be ascribed to what we may 
call a •* structural accident,** and it may occur when any combi- 

' From June 2 7 lo July 5, l<^X), many inilividual% were ejecting egg* or *i»ertni 
from the genttal (>apiIU. I>uring thit prtne^^ the tentacles were extemlnl and these 
rcat (loii^ in the taMe nuy ha^c t»ren due to the phy«iologiral condition of the indi- 
vidiiaU ra'>iirr tlian the ettct t« of the «ut>s(an(c^ imrctcd. 
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nation of conditions causes the inner branches of the longitudinal 
muscles to be broken. 

V. General Considerations. 

It is apparent from the experiments which have been described 
that autotomy is not the result of any single factor which can be 
easily controlled, at least in the two species of holothurians 
studied. It is of more uniform occurrence in Lepiosynapta than 
in Thyone, a fact doubtless due largely to the structural differ- 
ences between them. Clark ( : oi, p. 25) in speaking of Lepio- 
synapta says, ** Autotomy is not normal or defensive, but is due 
entirely to pathological conditions." Some holothurians {e, g,^ 
Cucuniaria), however, are said to multiply regularly by constrict- 
ing the body in two in the middle (Lang, '96). Self-mutilation 
probably occurs in nature as a result of such conditions as foul 
water or two high temperature. The process might be beneficial 
to either of the two species under consideration when the environ- 
mental conditions were unfavorable for existence. By throwing 
off a portion of the body the total amount of metabolism neces- 
sary would be decreased. An individual might thus survive 
until conditions were again favorable and the lost parts could then * 
be regenerated. 

It can be affirmed that autotomy is apt to occur as a result of 
unfavorable stimulation in both Lepiosynapta and Thyone, In 
the former genus it is induced uniformly and regularly when the 
proper conditions arise, e. g,, lack of sand for burrowing, foul 
water. It might in this case be considered to be a definite reflex 
and evidence has been given (II., p. 43) which lends some 
support to such a view. The fact that the constrictions which 
pinch the body in two are formed only when a region is connected 
with the anterior portion of an animal shows that some influence 
which comes from the anterior end is essential. It seems reason- 
able to suppose that such an influence comes from the only 
central nervous system which holothurians possess — the nerve 
ring. Autotomy apparently involves a reflex in this case which 
is similar to those found in arthropods (Drzewina, :oy ; Morgan, 
:02; Torre Bueno, :o8). 

When we turn to Thyone, however, autotomy is by no means 
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SO unirorm and regular in its occurrence. Under the best of con- 
ditions it appears in only 35 per cent, of the possible cases. As 
has been stated, the phenomenon depends in this genus upon the 
breaking of certain muscles and the rupture of the body-wall. 
In some individuals there seems to be an actual struggle between 
the different parts of the body, and the observer is often in doubt 
for a time whether the longitudinal muscles will pull the visceral 
organs back within the body or whether the intense contraction 
of the general body muscles will eject them. One is easily led 
to believe that the activities of different parts arc not well corre- 
lated, and that the part which gets the initial advantage gains 
control. 

As the mechanism for ridding the body of certain parts is quite 
different in the two genera under consideration, it is not possible 
to compare them directly. The process is more stereotyped in 
Leptosynapta, In the opinion of the writer, the words which 
were just quoted (p. 47) from Clark (:oi) in regard to that genus 
could better be applied to Thyone and it seems improbable that 
autotomy is an important factor in the daily life of the members 
of either genus. Nevertheless, it is easy to conceive that a proc- 
ess of this kind, which first arose as a result of certain struc- 
tural and physiological peculiarities, might in time give rise to a 
process which would become advantageous to the sjKrcics. In 
fact, this condition of affairs seems to have come about in some 
holothurians {e, g., Cucnmarid) which multiply by constricting 
the body in two in the middle. 

The tendency toward autotomy is apparently marked in the 
holothurian line. It is a phenomenon which is accompanied by 
remarkable powers of regeneration and in some S|)ecics it has 
become a beneficial process, but in others it is comparatively un- 
important, if not actually harmful. 

VI. Summary. 

I. In Uptosynapta inhitrens autotomy occurs regularly when 
unfavorable conditions of environment arise. Ex|>erimcnts with 
Tfiyom hriareus tiid not show more than 35 per cent, of cases of 
autotomv, even under the most favorable circumstances for its 
occurrence. 
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2. The mechanism involved in autotomy is quite different in 
the two genera. Thyone breaks the longitudinal muscles and 
throws out the visceral organs at the anterior end. Leptosynapta 
constricts off pieces at the posterior end of the body. 

3. Portions of the body which have been separated from the 
anterior region, which contains the nerve ring, do not show 
autotomy. 

4. Strong stimuli which bring about a very active or a strongly 
contracted condition do not always induce autotomy. 

University of Michigan, 
November I, 190Q. 
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THE HEREDITY OF EYE COI.OR AND HAIR 

COLOR IN MAN. 

S. J. HOLMES AND H. M. UKJMIS. 

Since the present study was begun several papers have ap- 
peared dealing with the subject matter of our investigations. 
Much of our data corroborates the conclusions expressed in these 
papers. In some cases the facts seemed to warrant some differ- 
ences of opinion in regard to certain theoretical matters, and it 
was therefore deemed advisable to present the data obtained and 
the conclusions that appeared to be deduciljle therefrom. 

The data were collected by sending out printed forms with 
headings under which to designate the eye color and hair color 
of each |)arent, grandparent and child and the age and sex of each 
of the children of the family. If the children came from parents 
one or both of whom were married more than once the exact re- 
lation of the various individuals was stated. ¥.yc color was 
classed as blue, green, gray, hazel, brown and black, and hair 
color as yellow, light brown, dark brown, black, red and auburn. 
The printed forms were distributed mainly to the students of the 
University of Wisconsin with the request that so far as possible 
they fill them out in consultation with their parents during the 
holidays. F'airly complete data were received from 7 1 families 
including 406 individuals. While the data are not extensive nor 
free from sources ol error they are, I think, sufficiently complete 
and reliable to enable one to draw several conclusions which have 
a high degree of probability. 

KvE Color. 

The color of the eyes is due to the factors causing blue, a dark 
brown granular melanin pigment, and in such cases a yellow pig- 
ment which is (>ossibly a liiM>chromc. Blue is often darker in 
the young. ** The darker shades of blue," according to Hurst, 
** are apparently due to the greater delicacy and transparency of 
the fibrous tissues of the iris through which the posterior pigment 
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is seen while the Ughter shades of blue and the coarser grays 
seem to be due to the greater coarseness and opacity of the same 
tissues." These tissues "become coarser with age and young 
children with dark blue eyes may mature into adults with light 
blue, blue or gray eyes." 

The various shades from light brown to black are due to dif- 
ferent amounts of dark pigment deposited in the iris, blue eyes 
being those in which dark pigment is absent. Green is produced 
by a small amount of yellow pigment with blue or black. Yellow 
pigment, however, is of minor importance compared with the 
other color factors. Eyes commonly classed as gray may con- 
tain a small amount of dark pigment with the blue or blue and 
yellow or they may be due to a fine mottling of green and blue. 
Eyes are very commonly mottled in various ways, and they are 
frequently ** ringed," the darker color being more dense around 
the margins of the pupil. 

It is evident that eye colors cannot be divided into sharply de- 
fined classes. All sorts of intermediate shades occur as well as 
irregularities in the distribution of pigment over the surface of 
the iris. Color classes, therefore, arc largely arbitrary categories. 
Perhaps, as the Davenports suggest, the most natural grouping 
is the one based on the presence or absence of melanin pigment. 
Black to light brown would fall into one class. Blue and green 
would fall into another while the grays would be divided between 
the two. There are, however, all grades in the amount of mela- 
nin pigment present and whether there are cases in which it does 
not exist in minute traces may reasonably be questioned. Hurst 
has divided eyes into the simplex and duplex types ; in the former 
dark pigment occurs only in the posterior coat of the iris ; in the 
latter in both coats. As a rule the darker colors belong to the 
duplex type, the lighter colors to the simplex type. This rela- 
tion suggests that the difference may be due mainly to the amount 
of general pigmentation, the amount of pigment when small 
being deposited in the posterior coat and extending also into the 
anterior coat only when present in increased quantity. There is 
nothing which shows that these classes are not the result of a 
purely continuous series of variations. 

Our results on the inheritance of blue eyes bear out in general 
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the conclusions of Hurst and the Davenports that blue behaves 
as a recessive to the pigmented condition. Blue x brown or black 
gives either brown or black, or brown or black with hazel, gray 
or blue which is the expected result if brown or black are hetero- 
zygotes. Blue x blue as a rule gives only blue. However 
the rule is not without exceptions. In one case a man with 
brown eyes was l)orn of blue-eyed parents. Another instance 
was communicated by a gentleman who stated that both his 
parents had light blue eyes. Of their seven children all had blue 
eyes except one sister whose eyes were described as brown or 
dark hazel. Pearson gives one instance in which one member of 
a femily of six children bom of blue-eyed parents had dark brown 
eyes like those of the lather's maternal grandfather. 

In gray x blue matings, gray and blue were the usual result 
but brown eyes appeared in seven out of yz oflspring. In gray 
X gray matings brown eyes appeared once out of 1 7 offspring. 
Black eyes resulted in a few instances from brown x gray and 
brown x blue matings, but these cases may have been due to 
errors of classification, as brown eyes, especially if dark, are fre- 
quently described as black. Matings in which both parents have 
black or brown eyes may give cither dark-eyed or light-eyed 
children. Thus black x black gave offspring with black, brown, 
gray and blue eyes. Matings in which one parent had dark 
eyes and the other light gave both dark-eyed and light-eyed 
offspring, but the proportion of the latter was considerably 
greater than in the previous case. In general we may say that 
the more darkly pigmented condition is dominant over the 
lighter, black over brown, brown over gray or blue, and gray 
over blue. 

The inheritance of eye color in man, as is well known, is to a 
considerable degree alternative. How far it is Mendeltan is a 
question rather difficult to answer on account of the intcrgrada* 
tion of colors, limited knowledge of the ancestry of the families, 
and other causes. In man it is difficult to distinguish the pure 
dominants from the dominant-recessives ; in fact it is im(>ossible 
to do so with data covering only three generations. While it is 
probable that the blues arc rccessives there is no certainty in 
n^aix) to the browns and blacks. Were blue- gray bearing 
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gametes present in equal numbers with the carriers of the darker 
colors we should expect to find light eyes in one fourth of the 
population. In a population in which over half the individuals 
fall into the light-eyed class it is evident that a much greater 
proportion than two thirds of the dark-eyed class are hctero- 
zygotes. In the 395 offspring tabulated the color of eyes was 
as follows: black 29, brown no, hazel 3, gray 93, green 10, 
blue 150. It is safe to assume that much over three fourths of 
the dark-eyed individuals are heterozygotes but it is impossible 
to make more than a rough estimate of the ratio from the data at 
hand. In crosses of brown x blue we should expect half the 
offspring to be brown even if all the browns were heterozygous. 
If some of the browns were dominant the proportion would be 
greater. As a matter of fact we get 48 blacks or browns to 69 
of the gray-blue class which is very different from the expected 
Mendelian ratio. 

In crosses of brown x gray we get 30 of the dark class to 17 
of the light which is more in accordance with the Mendelian ex- 
pectation. In the black x blue crosses we get 30 of the dark 
color to 18 of the light which is very close to the preceding 
result. Black x gray gave 1 3 dark to 8 light. 

Much of the data obtained may be interpreted as illustrating 
Mendelian inheritance but it is by no means certain that it should 
be so interpreted. There are, on the contrary, several cases 
which refuse to come under the Mendelian formula. There are 
indications that the inheritance is to a certain extent of the blended 
type. Crosses of brown or black with gray give a relatively 
greater number of browns than do crosses of brown or black with 
blue. Since gray frequently contains a certain amount of melanin 
pigment it is readily understood, if the inheritance is partially 
blended, why many more offspring should be raised into the 
brown category than in the crosses with blue. Again, compare 
the crosses of black x blue with those of brown x blue. In the 
former the proportion of blues is small, 4 out of 48, where the 
Mendelian expectation (if the blacks are predominantly hetero- 
zygous) is much greater. In the latter 46 out of 1 17 are blues. 
This can hardly be accounted for by any difference in the propor- 
tion of heterozygotes between the blacks and browns, which is 
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within the limits of probability. If the inheritance is partially 
blended we should expect that with increased pigmentation of 
either of the parents there would be an increased number of darkly 
pigmented children ; and this we find. Inspection of Table I. 
will show many other cases which may be quite as readily inter- 
preted as cases of blended inheritance as of mendelizing. 

The principle of the non-transgressibility of the upper limit 
which is laid down by the Davenports represents only a very 
general tendency rather than a general law. Aside from the ex- 
ceptions described Pearson records a family in which the two 
parents had light gray eyes, four children had eyes like their 
parents, while five others had black or brown eyes. Dc Candolle 
found that out of 257 individuals bom of parents both of whom 
had gray or blue eyes 23 or 8.9 per cent, had brown eyes. I 
have met with one instance in which both eyes and hair were of 
a distinctly darker brown than they were in the darker parent 
As we are not dealing with hard and fast unit characters but with 
different degrees of pigmentation it is not surprising that the eyes 
of children should occasionally be darker than those of the 
parents. This may account for some of the cases of apparent 
blends, but, in the light of our results on hair color, it is hardly 
probable that it can account for all. 

Hair Color. 

Hair color, like eye color, is the result of more than one factor. 
There is a granular dark brown melanin pigment which causes 
variations in intensity from light brown or yellow to black ac- 
cording to quantity. There is also a diffuse reddish pigment 
which may cause variations from reddish yellow to dark golden. 
These two kinds of pigment are usually mixed in various propor- 
tions ; auburn and chestnut brown for instance arise from a com- 
bination of the two. Both these kinds of pigmentation appear to 
vary continuously and independently. The reddish pigment is 
frequently obscured by the brown. It may appear in children 
of parents with dark brown or black hair, but docs not occur in 
children of light -haired parents who have no red pigment Our 
data on the inheritance of red are meager, but so far as they go 
they confirm the conclusions of the Davenports on the inherit- 
ance of this color. 
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The effect of age upon the color of hair is so great that any 
conclusions based on the hair color of children as compared with 
their parents is of comparatively little value. The color of hair 
changes most rapidly in early life, but there is a considerable 
change even after sixteen years of age. We have made a rough 
estimate of the change by compiling the relative frequencies of 
the three most common colors in children under sixteen, in the 
members of the third generation in our data over sixteen> in the 
parents and in the grandparents. In children under sixteen 
black forms 9.8 per cent, of the individuals. In the members of 
the third generation over sixteen it forms approximately 20 per 
cent. In the parents and grandparents it forms in each case 39.2 
per cent. Brown is less frequent under sixteen. It is most 
common in the children over sixteen, but in the parents and 
grandparents it is less common on account of so many develop- 
ing into black. The light browns steadily decrease in number 

Table Showing the Relative Frequencies of the Three Most Common 

Varieties of Hair Color at Differ^ent Ages : 

Children under z6. ' Children over 16. Parents. Grandparents. 

Per Cent. | Per Cent. Per Cent. Per Cent. 

Black 5 — 10 I 45 = 20 49 = 39.2 84 = 39.2 

Brown \ 23=45.1 127 = 56.4 62=49.6 1 99 — 46.8 

Light brown 23 = 45. 1 i 53 = ^3-5 14 = "»g ' $i = H 

Similar Table Compiled from the Data of the Davenports. 

I Children. j Parents. Grandparents. 

I Per Cent. Per Cent. | Per Cent. 

Black 70=12.2 121 = 38.9 213-39.2 

Brown I 292^50 131=42.1 230 = 44.2 

Light brown 212 — 36.9 ; 59= 18.9 99 =18 

with age. We have made a similar tabulation from the data 
given by the Davenports, although, since the ages of the children 
were not given, all of the third generation are treated together. 
In order to make the results more nearly comparable the browns 
and dark browns of the Davenports are classed as browns, and 
the light browns and yellowish browns as light browns. Their 
data show that black is over three times as prevalent in the 
parents as in the children while light brown is over twice as 
common in the children as in the parents or grandparents. The 
proportions of yellow, tow and flaxen are relatively greater in the 
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young as compared with the adults than light brown, tow occur- 
ring in twent>' children and in none of the adults. The data 
agree with ours in showing little change between the parents 
and grandparents. It is evident that an investigation of the 
heredity of hair color under the assumption that the juvenile con- 
dition represents even an approximate record of heredity would 
be much like a study of the inheritance of stature from measure- 
ments of the height of school children. 

Any conformability of the results thus obtained with Nfendelian 
expectations, so far as ratios are concerned, means little. In (act 
if the ratios were approximately Mcndelian before the eflects of 
age were excluded they could not be Mendelian after the elimi- 
nation of this factor. 

Table I. 

Showing rue Nimber ok Casks of the Varioi'Si Kiniki of Eye Color Re- 
si mim; FROM Difff:rent Matin<;s; Bi^ Bu h ; Bi.k, Blmk ; 
Br, Brown; Gn. Grekn ; Gv, (Jray ; Hz, Ha/fu 



17 

21 

4« 
6 

117 



I 

17 
72 

TotAl ,29 no 10 93 150 3 395 

The data obtained (sec Tables H. and HI.) warrant us in con- 
cluding that in the inheritance of colors depending on the gran- 
ular dark brown pigment the same general tendencies prevail as 
in the inheritance of eye color. Dark hair tends to be dominant 
over the lighter colors. If both parents have dark hair the chil- 
dren will be predominantly dark haired but a certain numt)er of 
li^ht- haired children may ap(>ear. If one parent is dark haired 
and the other lijjht haired tK)th dark-haired and lij^'ht-haircd chil- 
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dren may be produced, but the latter will be more abundant than 
in the previoas case. Light-haired parents rarely produce dark- 
haired children. 

In order to eliminate so far as possible the effects of age a 
separate tabulation (Table III.) was made of the relation of the 
hair color of parents and grandparents. As we have seen, barring 
the effects of turning gray, there is comparatively little average 
difference between these two classes. In order to secure as much 
data as possible we have combined the uncompiled data of the 
Davenports in relation to parents and grandparents with our own. 
As this material was classified somewhat differently from ours 

Table II. 

Showing the Number of Cases of the Various Kinds of Hair Color 

Resulting from Different Matings ; Au, Auburn ; Blk, Black ; 

Br, Brown ; Lt Br, Light Brown ; Rd, Red ; Yl, Yellow. 



Hair Color of 
Parents. 



blk X blk 
blkXbr 
blk X It br 
blk X yl 
blk X au 
blk X rd 
br Xbr 
br X It br 
br X yl 
br X *" 
br X'd 
It br X It br 
It br X yl 
It br X au 
au X a" 

Total. 



blk 


1 

br 


1 

Itbr > 


yl 


au 


rd 

1 


Total. 


36 


12 


5 


1 


I 


I 


55 


38 


49 


27 


I 


9 


3 


127 


6 


21 


ID 


I 


3 




41 


I 




I 


I , 






3 


4 


1 12 


4 


» 1 


6 


) 


1 27 


I 


2 




1 


3 


t 


' 6 


4 


66 


17 


1 


3 




90 




8 


16 


2 1 


4 


I 


31 




I 










I 


I 


1 5 

I 

2 


6 
4 


I 


I 


1 


14 
I 

6 




I 


I 




I 

I 




3 


9'_ 


1 180 


91 


7 


32 


..5__ 


406 



we have attempted to bring it so far as possible within the same 
categories ; the browns and dark browns of the Davenports we 
have called browns, the yellow and golden colors have been 
grouped as yellow, the yellowish browns and light browns as 
light browns, the dark reds and auburns as auburns, and the 
blond and flaxen types as flaxen. The number of cases which 
might be classified differently from the grouping employed is 
quite small and could not vitiate any conclusions we have 
attempted to draw from the data. 
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It may be seen that in crosses of black and black that many 
cases of lighter hair make their appearance, a result that might 
be explained on the assumption that a considerable proportion of 
the blacks are heterozygous. In the crosses of black and brown 
we should naturally expect to get a larger percentage of browns 
and lighter colors, and this we find. In the crosses of black with 
light brown the proportion of browns and lighter colors is very 
different from the Mendelian expectation in the light of the pre- 
ceding results. If all the blacks were heterozygous, the blacks 
should constitute 50 per cent of the product instead of much 
less than a third ; while, since some of the blacks may be safely 
assumed to be homozygous, the black-haired offspring should 

Tabi^ III. 

Showing thk Inheritancr <>k Hair Cou)r of Parents from GRAM>rAKFMs 
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exceed 50 per cent. Crosses of browns with browns give a larger 
number of browns than result from crosses of browns and light 
browns ; but it is noteworthy that a considerable proportion of 
black-haired individuals result from both these unions. 

While the data indicate that the inheritance of hair color in man 
is, to a certain extent, alternative, it certainly does not justify us 
in concluding that it is Mendelian. That J^ is to a certain extent 
of the blended tyj>e is indicated by the fact that crosses of black 
with li^ht brown yield a much less pro(K>rtion of blacks and a 
greater proportion of browns than do crosses of blacks with brown. 
If black were a typical Mendelian dominant it should occur in 
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equal proportions in both cases. In fact many of the results ob- 
tained by the Davenports and ourselves may be interpreted quite 
as readily as blended inheritance as anything else. 

It is a rule laid down by the Davenports that " in the midst of 
varying degrees of melanic pigmentation the intensity of melanic 
pigmentation never exceeds that of the more intense parent." 
This is a general rule borne out also by our data ; but it is by no 
means universal. While the data compiled by the Davenports 
show few or no cases in which this rule is plainly violated, I find 
upon examining their data on the relation of parents and grand- 
parents, a considerable number of exceptions. Apparently no 
account of these relations was taken, the data concerning the 
grandparents being used only on account of the light it might 
throw on the probable constitution of the gametes. In one 
respect these data are more valuable than what was used, which 

Table IV. 

Showing Inheritance of the Correlations of Eye Coix)r and Hair Color. 



Combination. 


No. Families 


1 Inheritance 


Appeared in 
Generation I. or 


Appeared in 


— — 
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gy 


19 


6 


5 


>S 



was derived from the members of the third generation, as the 
effects of immaturity are mainly eliminated. In their table 7a> 
the rule is violated in 5 out of 13 families, black hair in the 
father of the Sim family coming from parents both of whom had 
light brown hair. In the other tables given, less frequent devia- 
tions are found but they are sufficient to justify a doubt that the 
non-transgressibility of the upper limit represents anything other 
than a more or less predominant tendency. In Table III. it may 
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Table V. 








Reference 

No. 


F«ther'» 
Father. 


Generation I, 

Father'* Mother' 
Mother. Falhrr, 


• MiHher't 
Mother. 


Generation II. 

1 
Father. ! Mother. 


(i^neralion 
Hair. 


in. 

Kye. 


I hair. 1 
eye. i 


rd 
bl 
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blk 
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bl 


blk 
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Table V. — Continued, 



Reference 
No. 


Father's 
Father. 


Generati 

Father's 
Mother. 

blk 


on I. 




Generati 


ion II. ' 
Mother. 

br 
br 


Generation 
Hair. ' 


[II. 


Mother's 
Father. 
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bl 


1 
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Mother. 
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au 
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Table V. — Continued, 



1 
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Table V. — Continued, 





Father's 
Father. 


Generation L 




Generation H. 


Generation 
Hair. 


III. 


No. 

■ 


Father's 
Mother. 


Mother's 
Father. 


Mother's 
ol other. 


Father. 

br 
br 


Mother. 

blk 
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Eye. 


47 hair, 
eye. 


dkbr 
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bl 
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bl 
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bl 
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br 
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gy 
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Ibr 


hz 

gy 


57 hair, 
eye. 
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bl 
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bl 


br 

gy 


dkbr 
br 


br 
bl 


br 
br 


2 br 
I dk br 
I I br 
I br 


. br 

br 

bl 
gy br 


58 hair, 
eye. 


dkbr 

gy 


dkbr 

gy 


dkbr 

gy 


dkbr 

gy 


dkbr 

gy 
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hlgy 


Iblk 
Ibr 


hlgy 

bl gy 


59 hair. 
eye. 
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blk 


au 
br 


dkbr 
bl 


Itbr 
br 
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br 
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bl 


I It br 
, I It br 
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br 


60 hair, 
eye. 


Itbr? 
bl 


dkbr 

gy 


dkbr 
br 


blk 
blk 


Itbr 
bl 
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br 


Iblk 
2 It br 
I dkbr 


br 
bl 
br 


61 hair, 
eye. 


blk 
blk 


dkbr 

gy 
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br 


br 
bl 
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br 
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br 


' lau 


br 


62 hair, 
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^■M* 
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br 
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br 


br 
br 
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63 hair. 
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Table V. — Continutd, 



Referfticr 
No. 


Kmther. 


(k«crmtion I. 

Faih<T'» Mother'* 
M«>ther. Father. 


Mother's 
Mother. 


(vcttcrtttion II. 
Father. Mother. 


(tmrrmtiAn 
Hair. 


III. 
Eye. 


64 hftir. 
eye. 


br 
K7 


Itbr 
bl 


br 


~ 


Itbr 
bl 


blk 
br 


1 blk 


gy 


65 hair, 
eye. 


br 


blk 
br 


Itbr 
bl 


blk 
br 


blk 

br 


br 
br 


2br 


br 


66hmir. 
eye. 


blk 


br 


br 
bl 


br ' 
17 


blk 


br 
87 


1 dk br 

3 dkbr 

4 dkbr 
1 Itbr 


bl 

gy 

br 
br 


67 hair, 
eye. 


— 


..^ 


.^ 


blk 
bl 


blk 
br 


blk 
bl 


a Itbr 

; 1 blk 


bl 
br 


68 hair. ' 




_ . 


— 


_ 


br 
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be seen that black appears in 10 out of 85 cases in crosses of 
brown and brown ; in 8 out of 5 1 cases in crosses of brown and 
light brown, as well as in a few cases of crosses of brown with 
red and yellow. A few cases have come under my personal 
observation in which the hair of one of the oflspring was distinctly 
darker than that of the darker parent 

It is well known that there is a certain correlation between the 
colors of hair and eyes, such as the association between dark hair 
with dark eyes, and light hair with light eyes. Table IV. shows 
that black hair may be associated with black eyes or with eyes 
containing less pigment, the combination of black and blue being 
not uncommon. Brown hair may be associated with brown eyes 
or the lighter shades, but not with black eyes. Light brown 
hair is associated with gray eyes or blue eyes but not with the 
darker colors. Auburn hair may occur with brown eyes, but 
red hair, which contains less melanin pigment, usually is asso- 
ciated with blue eyes. Probably fuller data would furnish ex- 
ceptions to the above rules. According to our results dark hair 
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may be associated with light color of eyes but h'ght hair is not 
associated with dark color of eyes. Light-haired individuals, if 
adults, are pretty sure to have tyes of the blue or gray type, with 
little melanin pigment. 

The data in Table IV. show that the inheritance of the corre- 
lation of hair color and eye color is not very strong. In the first 
column is given the number of matings in which certain combina- 
tions occur ; in the second, the number of cases among these 
matings in which the combination appears in the offspring ; in 
the third, the number of cases in which the combination occurred 
in which it failed to be transmitted. Black eves and black hair 
both behave as dominant characters, but it frequentiy happens 
that parents, one of whom has black eyes and black hair, will 
produce a child with black hair and blue eyes, although they 
will not produce one with black eyes and light hair. We cannot 
be dealing here with two independently mendelizing characters, 
because the independence is purely a one-sided one. 

Summary. 

1. In the inheritance of the color of hair and eyes, the more 
pigmented condition tends to be dominant over the less pigmented. 

2. Crosses of more darkly pigmented types produce a number 
of dark types as well as a number of lighter ones, but crosses of 
the lighter types rarely produce darker ones. 

3. Inheritance of eye color and hair color, although partly 
alternative, conforms to a certain extent to the blended type. 

4. There is a certain amount of evidence that the pigmentation 
of eyes and hair may exceed that of both parents, especially 
when both parents are pigmented to the same degree. 

5. Dark hair may be associated either with dark eyes or light 
eyes, but light hair does not occur along with darker eyes. 

6. Correlations of hair color and eye color are not strongly 
inherited. 



Vol. XVIIL January, igro. No, 2, 



BIOLOGICAL BULLETIN 



HYDROIDS IN THE ILLINOIS RIVER.* 

FRANK SMITH. 

During the past summer (1909) while at Havana, 111., in con- 
nection with the reopening of the Biological Station of the Illinois 
State Laboratory of Natural History, the writer was surprised to 
find at one location numerous colonies of a hydroid which pre- 
sumably belongs to the genus Cordylophora, A superficial 
examination of the animal and of the literature involved has not 
disclosed any reason why it may not prove to be C. laaistris 
AUman which is a species of hydroid commonly found in brackish 
water and less frequently in fresh water. 

Numerous colonies were found July 30 in a partially sub- 
merged willow thicket near the north end of Quiver Lake which 
is really a part of the Illinois River near Havana. The majority 
of the colonies were attached to the submerged portions of living 
willow shoots while a few were found on the leaves and stems 
of other plants. A later visit was made to the same locality 
October 16 when the water of the lake was somewhat lower and 
no longer covered the spot at which the July collections were 
made. In the part of the thicket which was still submerged, 
numerous colonies were found attached to dead sticks and 
branches that projected from the bottom toward the surface. At 
each visit the collections were made in water less than two feet 
deep and over which a considerable layer of Z^w//^ had accumu- 
lated under the influence of west or northwest winds. In mid- 
summer the colonies were in dense shade and were associated 
with a great variety of living organisms among which bryozoans 
were especially abundant. 

^ Gintributions from the Zoological Laboratory, UDiversity of Illinois, under the 
direction of Henry B. Ward, No. 2. 
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In size, mode of branching, number of gonophores and of 
embryos in the gonophores the colonies are similar to those of 
C, lacustris, when found in strictly fresh water, as described by 
Pauly ' and others. The main stems are but 1-1.5 ^^^- ^^ height, 
but sparsley branched and the branches commonly bear but one 
gonophore which has usually not more than five or six embryos. 
Gonophores were present in July but not in October. 

As opportunity has permitted, other places about Havana have 
been examined for hydroids, but thus far without success. 

On August 4, during a brief visit to the Illinois River bottom- 
lands and lakes near Hennepin, I noticed on a partially submerged 
concrete wall extensive areas bearing organisms that seemed to 
be hydroid colonies similar to those found at Havana. As there 
was no time nor equipment for examination of the living material 
nor for its proper preservation, there is nothing at hand to serve 
as a basis for the identification of this form except the macerated 
remains of a few colonies which were scraped off and kept in a 
vial of water. The skeletal remains of the colonics are indistin- 
guishable from those of the Havana species and I feel quite sure 
that the forms are identical and that the spedes is well established 
at two places in the Illinois River nearly a hundred miles apart. 

How long this hydroid has been represented in the Illinois 
River is problematical, but to the writer it seems somewhat im- 
probable that it was in the Havana region before the opening of 
the Chicago Drainage Canal, as for several years prior to 1900 
various observers connected with the Biological Station searching 
persistently for all kinds of animal life found no such hydroid 
forms. There is at least a possibility that this hydroid may be 
found about the docks in the Chicago region where it may have 
been introduced by vessels from the Atlantic coast and then sub- 
sequently have been carried through the drainage canal into the 
Illinois River. More extended observations on its distribution 
in the Mississippi Valley are highly desirable. 

t'NIVIR*ITY C»F iLUNOli, 

November, 13, 1909. 
' /isX\u,krr Amuiger, Vol. XXIII., pp. 546-551. 



THE ANURA OF ITHACA, N. Y. : A KEY TO 

THEIR EGGS. 

ALBERT HAZEN WRIGHT. 

For the last four years the writer has been studying the life- 
histories of the Anura of Ithaca, N. Y., but it will be some time 
before the work reaches completion. It seems best, however, to 
present the following brief summary of one phase of the work, 
in the hope that it may be of help to the numerous workers who 
employ Anuran eggs either for comparative or experimental em- 
bryologic purposes. 

Eight species of Anura are found at Ithaca, N. Y., namely : 
Rana sylvatica, Hyla pickeringii, Rana pipiens^ Bufo lentiginosus 
americanus, Rana palustris^ Hyla versicolor^ Rana clamitans and 
Rana catesbeiana. 

The first five species appear from hibernation and spawn under 
a maximum air temperature of 43^-50° F. ; the last three delay 
until the maximum reaches 70® F. or more. The first five usually 
breed from the last of March until the middle of June ; the last 
three, from the last of May into August. All but two species^ 
Bufo L americanus and Rana clamitans^ occupy four or five weeks 
for the spawning period. The exceptions may require two or 
three months. The number of eggs in a complement varies from 
800 in Hyla pickeringii to 20,000 in Rana catesbeiana. 

The eggs of three species, Hyla versicolor^ Rana clamitans and 
Rana catesbeiana^ float more or less at the surface of the water ; 
the eggs of the other five are submerged. The five species with 
submerged eggs are first to breed. They deposit eggs with firm 
jelly envelopes, several eggs appearing at an emission except 
in Hyla pickeringii^ where only one appears at an emission. The 
three with buoyant eggs breed after May 25. They deposit at 
the surface masses or films of eggs with loose jelly envelopes^ 
several eggs being deposited at an-t!tnission. 

At the outset the attempt to secure friutful mating with captive 
specimens was abandoned. The effort was rather to obtain pairs 
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already mated in nature. These were usually captured on night 
trips and were immediately taken to the laboratory. By the 
next morning an egg complement was ordinarily recorded. In 
this way a check was established upon the identification of eggs 
deposited in nature. 

The measurements are based on fresh eggs none of which is 
beyond the fine morula stage. The color characters of the vitcl- 
lus were taken at the time of oviposition with 7 species and not 
later than 6 or 8 hours after oviposition with the other species. 
A summary of the egg characters of each species follows in the 
accompanying key : 

Key to the E<.gs op Ithaca Anura. 

A. A tingle row of eggs within a long spiral itring of jelly looped about plant ttemt, 
sticks or resting upon the bottom ; vitellus diameter 1. 0-1.4 mm.; inner envelope 
diameter 1.6-3.0 mm.; outer envelope diameter 3.4-4.0 mm. Egg complement, 

4,000-7,000. Season at Ithaca, April 20-Ja]y Bufo ientigimoms americammt. 

KK, Deposited singly or in a mass. 

B. Deposited in a firm consistent mass enveloping grass stems, twigs, etc., or 

free ; submerged ; often 15-20 bunches within an area of a few square feet. 

C. Small distinct inner envelope evident to the naked eye, a. 3-3.0 mm. 

D. Vegetative pole yellow; animal pole brown ; mass globular ; vitel- 

lus 1.6-1.9 mm.; outer envelope, 3.6-5.0 mm. Kgg complement, 

3,000-3,000. Season, April 35-May 15 /lama faiusirii. 

I)[>. Vegetative jiole white; animal pole black; mass plinth-Iikc ; 
vitcllus 1.6-1.8 mm.; outer envelope 4. 2-6.0 mm. Egg complement, 

3,500-4,500. Seaioo, April lO-May 15 Rama ^piens, 

CC. Large inner envelope apparently absent, evident only under the lens, 
3.6-5.8 mm.; vitellus 1.8-3.4 mm.; outer envelope 5.3-9.4 mm.; mass 
globular ; vegetative pole white ; animal pole black. Egg complement, 

3,000-5,000. Season, April 1-30 Kama lylvatua, 

BB. r>epasitcd not in a hard consistent mass. 

C. In small bunches or attached singly ; vitellus, .9-1.3 mm. 
1). Outer envelope loose. 4.0-7.8 mm. 

E. Inner envelope, 1.6-2.0 mm.; vegetative fiole ycllowiih ; in 
small bunches (4-25) usually floating at the suKace of the 
water, either attached to vegetation or free ; outer envrloiie, 4.0- 
6.0 mm.; vitellus, 1.1-1.3 mm. F^g complement. 1,500-2,000. 

Season, May 20-july 1 Hyla vtrti^olcr, 

E£. No inner envelope ; vegetative pole while ; in bunches ( 20- 
100) usually attached beneath the surface of the water ; outer 
envelo(>e usually 5.0-7.8 mm., rarely 3.0 mm.; vitellus .Q-1.3 
mm. Egg complement, 500-800. Season, March 20< April 15 

Chitti'philms triitriatui} 
DI). Outer envelope firm, 1. 4-3.0 mm.; vegetative yo\t never yellow ; 

' Introduce*] at Ithaca in April, I909. 
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single or in small bunches (4-12) attached to gras^ beneath the sur- 
face of the water; vitellus, .9-1.1 mm. Egg complement, 800- 

1,000. Season, April 5-May 10 Hyla pickeringiu 

CC. In large loose masses ; vegetative pole white ; animal pole black ; 
vitellus, 1. 2-1. 7 mm.; at or near the surface of the water. 

D. Usually one continuous film, 1-2 eggs thick, on the surface of the 
water, the film's diameter being seldom I foot ; inner envelope dis- 
tinct, 2.8-4.0 mm. ; egg mass usually attached or amongst vegetation. 
Egg complement, 3,500-4,500. Season, May 25-August 10. 

Rana clamitans, 

DD. Either a film 1-2^ feet in diameter or a stringy frayed widespread 

mass ; attached to twigs or sticks ; almost invariably amongst brush 

and at or near the surface of the water ; no inner envelope. Egg 

complement, 12,000-20,000. Season, June 20-July 25. 

Rana caUibeiana, 



A NOTE ON REDUCTION IN THE MATURATION 

OF MALE EGGS IN APHIS. 

N. M. STEVENS. 

In discussing the unpaired heterochromosome in aphids, in 
1908,' I expressed the opinion that the two heterochromosomes of 
the parthenogenetic generations must pair before maturation of 
the male -producing eggs, and separate in the maturation mitosis, 
one undivided heterochomosome going into the polar body while 
its mate remains in the egg. The only evidence which I could 
give in favor of this surmise was two equatorial plates where seven 
chromosomes appeared in the maturation of parthenogenetic 
eggs, instead of the eight chromosomes characteristic of the 
species (Plate II., Figs. 52 and 53). The largest of the seven 
chromosomes was evidently equal in volume to the sum of the 
two largest in the plate containing eight. I have never found 
the males of this species, the parthenogenetic generations con- 
tinuing up to the time when the host plants are killed by frost. 
The probability is that a few scattered sexual forms occur among 
the parthenogenetic, and that the eggs with seven chromosomes 
were male-producing eggs. 

In many species of aphids the same individual may produce 
both males and females and often parthenogenetic oflspring also, 
making it very difficult to be certain that one has the male eggs. 
In the dimorphic red and green aphis found on Ginotlur a biennis, 
however, the rule is, that in October parthenogenetic young cease 
to appear ; apterous mothers produce only male, and u-inged 
mothers only female offspring. Only two exceptions to this rule 
have been observed. Two years ago I had one brood of males 
produced by a winged mother, and recently, in examining sec- 
tions of an apterous specimen, I found four large parthenogenetic 
embryos, while all of the smaller embryos were male. The 
change here from parthenogenetic to sexual reproduction came 
during a generation instead of between generations. 

* ** An I'npaired lletcrucbromosomc in ihc Aphids,*' J^utn, Exp. /i\V., Vol. 

VI., No. I, Jan., 1909. 
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This year an unusual number of the apterous, male-producing 
individuals were secured. Some were fixed and sectioned, others 
dissected and the eggs and embryos studied in Schneider's aceto- 
carmine. The sections gave no favorable stages. Out of a large 




Fig. I. Eqaatorial plate of maturation mitosis of male aphid egg. Outline of egg 
and membrane shown above, x^ the double chromosome. Zeiss 1.5-6, cam. 

number of aceto-carmine preparations, one egg was found which 
had the maturation spindle in metaphase. This was taken from 
an individual in which the older embryos were certainly male. 
The equatorial plate contained nine chromosomes, ten being the 






Fig. 2. Same equatorial plate drawn with Zeiss 1.5-12. 

Fig. 3. Nucleus of embryonic cell ( ^ ) in prophase, x, the unpaired hetero- 
chromosome. Zeiss 1.5-6. 

Fig. 4. Male embryonic cell in metaphase. x, the unpaired heterochromosome. 
Zeiss 1. 5-1 2. 

number in non-sexual parthenogenetic eggs ('05, PI. I., Figs. 
7 and 1 2 ^). This metaphase is shown in Figs, i and 2. The 
chromosome in the center of the group is the double one. In 
the first spermatocyte the lagging heterochromosome is the 

' ** A Study of the Germ Cells of ApAts rosa and Aphis a-notheta^** Journ, Exp. 
Zodl,, Vol. II., No. 3, Aug., 1905. 
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second in size ('09, PI. II., Figs. 54, 56, 57 *) and here it is evi- 
dently the two second in size, which have fused to form the 
large vacuolated chromosome x No prophases or anaphases 
were found. 

In the young male embryos many cells were in mitosis and in 
a few cases it was possible to copnt and draw the chromosomes. 
Fig. 3 is a nucleus in prophase, flattened so that the nine chromo- 
somes are nearly in the same plane. It will be seen that the two 
longest form a pair, while the next in size is unpaired. Fig. 4 is 
a metaphase from another embryo. The unpaired chromosome 
is again the second in size. 

This evidence, so far as it goes, indicates that one whole 
chromosome goes into the polar body of the male egg, leaving 




Fig. 5. Male egg tbowingtbe tingle polar body (/) tkod two oncld. ZcUt I. $-3. 

the somatic number for the male individual reduced by one. 
Ordinarily one would not lay much stress on the conditions ob- 
served in a single egg, but considering the difficulties involved in 
securing favorable stages of maturation in male eggs of aphids, 
and the fact that the observations are in accord with Morgan's* 

■**Ao rnpaired llctcrocbromocoaie In the Aphids,** Joum, £jfp. ZfiV., VoL 
VI., No. I, Jao., 1909. 

* ** A Biological and Cytological Study of Sex Determinatioo id Phylloacfans and 
AphiiU,** yoiwrif. A-c/. /p.V., Vol. VI 1., No. a, Sept., I909. 
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observations on male eggs of Phylloxera, it seems desirable to 
bring the results obtained from this autumn's collections of the 
CEnothera aphid, to the notice of those interested in the subject. 
In a recent paper, entitled ** Mendelian Inheritance of Sex," 
Hagedoom has quoted me as authority for a statement that male 
aphid eggs give off two polar bodies. I have found only one 
polar body in male and other parthenogenetic eggs, and have 
so stated the fact with all the evidence at hand (*05, PI. II., Figs. 
17 and 18, and text p. 317). Fig. 5 shows one of many early 
segmentation stages of male eggs found in aceto-carmine prepara- 
tions, showing only one polar body 

Biological Laboratory, 
Bryn Mawr College, 
November 25, 1909 



A METHOD TO TEST THE HYPOTHESIS OF 
SELECTIVE FERTILIZATION. 

T. H. MORGAN, F. PAYNE and ETHEL N. BROWNE. 

The h/pothcsis of selective fertilization has played an impor- 
tant role in sevecal recent theories of sex determination and to 
some exteot also in uiod e i n Meodelian sprrnlations. It has been 
assumed for example that there are two classes of spermatozoa 
and two classes of eggs — male and female eggs and male and 
female sperm — and that fertilization is reciprocal in the sense 
that a male sperm can only fertilize a female egg and that a female 
sperm can only fertilize a male egg. On the other hand the 
more commonly accepted view is that any sperm can fertilize any 

egg- 

Until this question is settled by direct observation or by experi- 
ment these two alternatives will continue to make uncertain our 
interpretations. 

To put together one sperm and one egg would seem to be the 
simplest way to test the question. The operation may not in 
itself present insuperable difficulties but the chance of the sper- 
matozoon reaching the surface of the egg is so small as to make 
the attempt rather hopeless ; for there is no evidence to show 
that the spermatozoon is attracted towards the egg. The work 
of BuUer, in particular, shows that accident alone determines the 
contact between the spermatozoa and the membranes, or the jelly, 
of the egg. 

By means of the following simple method we have found it 
possible to study the problem of selective fertilization. We feel 
that while the number of cases here recorded is too small to 
settle so important a question, its application on a larger scale 
and on other animals should furnish conclusive evidence for or 
against selective fertilization. 

We wish therefore at present to lay more emphasis on the 
possibilities of the method than on the certainty of demonstra* 
tion from the number of recorded cases, and hope that others 
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may be led to study this important question by the same method. 

We made use of the eggs and sperm of the moUusk Cwningia, 
The spermatozoa are quite large and can be readily seen with 
moderate magnification. The eggs are small so that the entire 
exposed surface can be watched, closely. The eggs just laid 
were put into a drop of water on a slide, and a cover slip added. 
The cover slip was sufficiently supported so that the eggs were 
not too much compressed. It was advantageous to apply pres- 
sure because otherwise the spermatozoa may reach the egg above 
or below the horizon of observation ; such sperm are lost to 
sight as a rule and their fate remains uncertain. Even with 
moderate pressure the spermatozoon sometimes slips in between 
the egg and the cover slip (above or below the horizon) and are 
lost to sight. In such cases further observation is worthless. 

By means of a fine pointed pipette a small drop of water con- 
taining not too many spermatozoa was introduced at the edge of 
or under the cover slip. From the point of insertion the sper- 
matozoa swim out in all directions and at some distance from the 
starting point the path of a single spermatozoon could be easily 
followed. The only way in which we were absolutely certain of 
seeing the first spermatozoon that reached the egg was to focus 
on an egg and wait until one came in contact with the egg. 

It was seen that many spermatozoa swim past the egg and 
show no evidence of turning towards it, but those whose pre- 
vious path was such that they ran into the jelly around the 
egg, bored into the jelly and often reached the surface of the 
egg. Whether after a spermatozoon has entered the jelly it ever 
turns towards the egg (if it did not have this orientation at the 
time of contact) is difficult to determine with certainty, but it is 
certain that spermatozoa may bore through without turning 
owards the egg. Some of the attached spermatozoa may show 
alternate periods of rest and activity, and in consequence change 
their position several times, and even end by entering the egg, 
but there is no evidence that one position is more directed than 
another. 

The successful spermatozoa are those that strike the egg 
** head-on," and bore directly towards the surface. When the 
surface is reached the end of the spermatozoon appears to enter 
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the outermost layer of the egg. As a rule a pause follows, and 
it may take the spermatozoon from five to twenty minutes to 
disappear within the egg. The penetration is, as a rule, at first 
slow but later the spermatozoon may enter quite suddenly. 
Whether the sperm bores its way into the egg, or whether there 
is first a reaction between the surface of the egg and the sperma- 
tozoon so that the egg also takes a part in the process need not 
be discussed here, but it is important to note that no spermato- 
zoa enter except those that stand with their long axis vertical 
to the surface and pierce the surface with the tip of the sperm 
head. 

Our observations show that the first sperm that fulfills these 
conditions is received. In some of these cases a second sperm 
came in contact with the egg after the first had come in contact 
with it. In all such cases the first sperm only penetrated. 
There was no evidence in favor of selective fertilization, since in 
all forty cases the first sperm that approached in the normal posi- 
tion was the first to enter. It is highly improbable that forty times, 
this first sperm was the one suited to enter (assuming that two 
kinds exist) when there is no evidence that the eggs attract the 
sperm. Our general conclusion from the data here presented is 
that in this case selective fertilization does not occur, and since 
Cufningia is unisexual the temptation is to generalize this state- 
ment to include all such forms. Whether this extension is war- 
rantable or not the fact remains that in this, the only case so far 
tested, the evidence is opposed to the hypothesis of selective 
fertilization. 

Columbia Univbr.* ity, 
November ao, 1909. 



THE ANATOMY OF THE STYLETS OF CAMBARUS 

AND OF ASTACUS. 

E. A. ANDREWS. 

In all the crayfishes, Cambarus and Astacus^ of the northern 
hemisphere, the limbs of the first and second segments of the 
abdomen of the male are modified in a peculiar way and are 
used as instruments to transfer the sperm from the defTerent ducts 
to the outside of the body of the female. These limbs we will 
call the first and second pairs of stylets. 

In Cambarus it was found (i, 2) that the stylets place the 
sperm within a special sperm receptacle in the shell of the female. 
In Astacus, as far as is known, the stylets deposit the sperm over 
the shell of the female in secreted tubules, or spermatophores. 

While the stylets are much alike in the two genera the follow- 
ing study shows that the parts directly concerned in the passage 
of sperm present two stages of perfection, those of Cambarus 
being the more specialized. The first pair of stylets are firm, awl- 
like structures, which in Astacus are evidently comparable to a 
rolled in plate, while in Cambarus they seem solid with only 
a superficial groove. But we now find that this groove is the 
outlet of a concealed tubule and that in Cambarus also the organ 
may be regarded as a modified plate. 

As the second stylets are much alike in the two genera and 
have a subordinate role to play in the process of sperm transfer 
we will consider chiefly the first pair. 

It is a remarkable fact that the first stylets in these cray- 
fishes present specific diflerences so that the systematist relies 
upon the forms of the stylets as an important aid in the descrip- 
tion and identification of species. The figures of Hagen (3) and 
of Faxon (4) show the great amount of diversity in proportion 
and in character of termination in many species of Cambarus, 
But despite this diversity in form the following description of the 
first stylets in four species taken at random and representing 
four of the six subgenera of Cambarus makes it probable that in 
all species the stylets have the same essential anatomy and use. 
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We will first describe the stylets of Cambarus and then those 
of Astaciis, 

In these reduced limbs (Figs, i and 2) we may distinguish the 
base (i5), the neck ( N^ and the spiral {S) which is the region 
with a somewhat spiral lengthwise groove bounded by hard 
rounded edges that run out to form the two tips of the whole 
organ. It is this bifid appearance of the limb which has been 
most emphasized in descriptive work. One of the tips may in 
this species be called the spatula {Sf) from its shape. The other 
tip (6^) may be called the canula, as it is a termination of a tube 
and is inserted into the sperm pocket of the female and allows 
the sperm to pass out of its tip. Of the two apparent tips of the 
limb, one, the spatula, is thus a side outgrowth of minor im- 
portance ; the other is the real morphological and physiological 
end of the organ and of fundamental value. 

The groove that runs along the length of the spiral region 
begins at an orifice {Or) and ends at the extreme tip of the canula. 

We may regard this groove as dividing the spiral region into 
two parallel portions, the external mass (Ex.m.) and the median 
mass {M.m,), external and median being used with reference to 
the median plane of the entire animal. 

In Cambarus viriUs (Figs. I and 2) the stylet is exceptional in 
the great elongation of the spiral region, the spatula being very 
much prolonged and the canula a curved, ovipositor-like struc- 
ture. The tufts of sets at the junction of neck and base and 
upon the median mass near the orifice are also long. 

Cross-sections (Fig. 3), at the level 3 of Fig. 2, show that the 
external groove of the canula passes deep into the interior and 
has its inner end partly cut ofT as a tubule by a ridge or shelf 
which projects like a valve from the side of the groove. Serial 
sections show the same general facts throughout the length of 
the spiral. There is thus a continuous tubule from the orifice to 
the tip of the canula. 

While the stylet has most of its exoskeleton firmly calcified, 
as represented by the black in the section, the tips of the spatula 
and canula are partly horn-like. In the median mass this horn 
extends some distance toward the base, as represented in the 
dotted area in the figure. The shelf that overhangs the tubule 
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is also of horny and not of calcified material and thus may the 
better make a closure of the tubule. 

The living tissue of the stylet was found to be a loose areolar 
mass full of blood spaces and covered by a thin epidermis that 
makes the exoskeleton. This tissue filled the vacant space in the 
external mass in Fig. 3. 

Excepting the muscles in the base that move the whole limb 
upon the body there are no muscles within the stylet, but on the 
other hand there are largely developed glands in the swollen 
proximal parts of the spiral. These glands discharge through 
the shell into the tubule not far from the orifice. 

In Cambarus diogenes, which belongs to the subgenus^^r/^/z/i/j,. 
the stylets (Figs. 4 and 6) have a wtry different appearance owing 
to great shortness of the terminal portion of the spiral. The 
base and the neck remain much as in C, mriliSy but the spatula 
and the canula are very short and thick with the tips turned up- 
dorsally (Fig. 4). They are also much flattened, and are thus 
very narrow as seen from the posterior face (Fig. 6). 

Practically the whole length of the canula and much of the 
spatula are horny. A section across the canula (Fig. 5) shows 
the shelf from the external mass {Ex.m.) and the isolated bottom 
of the groove. It also shows that the median mass (M,m.) has 
exaggerated the tendency seen in C, virilis (Fig. 3) to grow over 
the groove, to such an extent that it runs over the shelf of the 
external mass and so makes the closure of the tubule a very com- 
plete one. 

The homy tip of the canula shows its finer structure more 
readily than in C. affinis and we see under higher magnifications 
that the homy substance presents lengthwise striations on the 
surface, which at the tip give place to areolations suggesting 
scales. Possibly this slight roughening of the tip of the canula - 
may be of some use in cleaning out the orifice of the sperm 
receptacle. 

In the southern form, Cambarus Clarkii, the first stylet is the 
antithesis of that of C, vinlis for the terminal parts of the spiral 
(Fig. 7) are so greatly shortened as to form a flat mass that is 
largely homy and though bent upward, somewhat as in C. 
diogeneSy more complicated at its tip. 



' 
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The setae are short but form very long rows. Those of the 
base extend along the neck far up onto the external mass and 
those of the median face run nearly its whole leng^th. There are 
also some additional setae upon the dorsal (ace near the tip as 
seen in Fig. 8. 

In following the groove (Fig. 7), we find that after it passes 
the very slender and insignificant spatula it turns ventrally to end 
on a blunt protuberance indicated in the dotted area in Fig. 7. 
There is left a large protruding mass external to the spatula, 
which is indicated in parallel shading, and which is evidently 
part of the median mass that does not extend to the very tip of 
thie groove. Thus the tip of the stylet is bifid ; the blunt part to 
the right in the figure is the canula and the part to the left is a 
sharp blade formed from the median mass beyond the spatula 
and this we will call the scalpel, from its shape and its probable 
use in opening the very firmly closed and constricted slit of the 
annul us in the females of this species. The scalpel is apparently 
well placed to cut open the onfice of the annulus (see /, P'ig. 24). 

The character of this condensed terminal region is better seen 
in the enlarged view of the external face of the tip (Fig. 8). 
The scalpel, to the right, bears the above-mentioned seta* at its 
base and has a sharp convex edge. 

It is set ofT from the canula by a depression. The canula itself, 
as seen behind the outer parts of the seta!, is slightly bifid in this 
preparation but in dried specimens it ends with a terminal orifice. 
While the stylet has two elastic tips the canula ( C) and the 
scalpel (Sc) they are so near together that both might readily 
enter the orifice of the annulus. 

On cutting sections of this unusual stylet we find that the groove 
has its bottom cut ofT by a shelf (P'ig. 9), just as in the other 
s[)ccies. But the tubule so formed is so minute and so deeply 
buried that it is easily overlooked. A section (Fig. 9) taken 
near the base of the spatula at ^ (Fig. 7) shows the median mass 
so extended as to make a sharp blade, the scalpel (Fig. 8). 
And moreover the shelf that arises from the external mass, at 
this level, points away from the median mass, so that the section 
is not readily compared with that of C. t'iri/is (Fig. 13). In sec- 
tions the homy shelf can be traced down from the free edge of 
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the end of the canula and represents the edge of the external 
mass along the side of the groove, but before the orifice at the 
base of the spiral is reached the shelf disappears and does not 
continue on as part of the lip of the orifice. 

Within the minute tubule a small number of sperms were seen. 

The use of these organs in the processes of sperm transfer 
was seen to be the same as in C affinis. In brief the phe- 
nomena were : The hooks of the third legs hold the male 
firmly to the female. The male holds the claws of the female. 
The first and second stylets are locked together and the fifth 
leg is crossed. The pleopods are swung back and forth. The 
second stylet glides a millimeter or so up and down the first, 
with its wedge in the groove. Occasionally jerks of the base of 
the abdomen make slight hammering thrusts of the tip of the 
stylet-complex. While both stylets present their tips to the slit 
of the annul us it seems difficult for both to enter at once since 
the slit is median and not transverse. The exopodite of the 
second stylet shows some slight twitching movements. The 
female pleopods of the first somite extend over the annulus and 
touch the setose palp of the stylet. On removing such a con« 
jugating male and placing the fifth leg across to support the 
locked stylets, sperm issued from the hole at the tip of the 
canula and in a few. minutes sperm came out of the tips of both 
papillae. In separating a pair one stylet was very firmly 
fastened in the annulus and tended to pull the annulus away 
with it. This stylet had shoved the annulus up into the body of 
the female as far as possible. This attached stylet was on the 
same side as the crossed fifth leg. 

Cambarus Montezumce is a representative of the subgenus Cam- 
barellus from Mexico, and should present, in some respects at least, 
a more nearly ancestral state than the above species. 

Nothing is known of the conjugation habits, as the species is 
known only from preserved specimens. The male has two hooks 
on each side, and presumably both are used as is the one in C, 
diogenes. These hooks (Fig. lo) are on the second and the third 
legs and are like those of C, affinis but less blunt. Those of the 
third legs are the longer, sharper and more specialized in form. 

The stylet (Fig. i i) is short and simple, with the usual tuft of 
setae absent from the median face which is very wide and flat. 
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The spatula {Sfi) is very large and hollowed on the median face 
to form a wide spoon. The canula (O is sharp-pointed and 
somewhat curved, with a horny tip that plainly shows the groove 
running to it and opening by a hole. There is also a new out- 
growth (Z) that has the form of the spatula of C, tnrilis but arises 
from the external mass, half way between the origin of the spatula 
and the tip of the canula. This new outgrowth we will call the 
ligula. 

Cross-sections of this stylet (Fig. 12 at the level 12 of Fig. 1 1) 
show the presence of a shelf that cuts off the bottom of the groove 
as a tubule, similar to that in C. virilis. This shelf has the same 
yellow, homogeneous appearance. This section shows the long 
flat extension of the median mass that forms the base of the 
spatula and the shelf at the bottom of the overhung groove. 

In the section (Fig. 13 at the level 13 of Fig. 1 1) we sec the 
orifice and in the median mass (Af.m.) glands with one of the 
tubules discharging through the exoskeleton into the groove. 

This specimen seems to have been about to shed, so that the 
exoskeleton is represented rather schematically in the sections, as 
it was broken or laminated. * 

Turning now to the genus As/acus, to which all the European 
crayfish belong, the process of sperm transfer is known only 
from the brief accounts of Soubeiran ($), Chantran (6) and Hux- 
ley (7). From them it appears that the males seize and turn the 
females and mount them, but the subsequent stages differ from 
those in Cambarus in the fact that there are neither hooks nor 
annul us, and thus no transfer of sperm to any sperm pocket ; on 
the contrary, the sperm passes out of the stylets onto the sternal 
surface of the female in the form of spermatophores. These 
subsequently liberate the sperm at the time of laying in some 
unknown manner that Whitman (8) states was referred by 
Leuckart to the compession of the walls of the spermatophores 
and by Meyer to the action of the secretion that fastens the eggs. 
That the same general method is followed by the Astacus of the 
west coast of the United States seems undoubted from the simi- 
larity in the anatomy of the organs concerned and from the fol- 
lowing observations. 

Amongst female crayfish of the species A, Uniusculus, received 
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from Oregon in February, or in October, 1904, there were a few 
that presented the remnants of spermatophores on the ventral 
surface of the thorax. In the best marked case these were some 
hundred empty tubes, 3 to 4 mm. long, and more than .25 mm. 
thick, of red-brown color, stuck close to the shell of the female 
for the most part, though some had one free end standing up 
about a millimeter into the water. Most were laid down carefully 
side by side in groups. Some few were twice the usual length. 
A few were on the base of the second leg, on one side ; more 
were at the base of the third leg and close to the opening of the 
oviduct. Still more were at the bases of the fourth legs and 
between them just anterior to the annular plate, onto which two 
spermatophores extended. Two were on the sternum between 
the fifth legs. The entire collection, in a sketch, forced one's 
attention to the fact that they had either been originally placed 
in depressions and angles where they would not be readily rubbed 
off, or else that these seen were the survivors that had escaped 
removal after more unprotected spermatophores had gone. Each 
spermatophore had its tips greatly contracted, as if a soft material 
had shrunk more at the end, somewhat like egg-cocoons of earth- 
worms. 

Thus the male of the American crayfish Astacus must deposit 
the sperm in tubes over the ventral side of the thorax of the 
female, and not introduce it into any special cavity. 

In comparing the sperm-transfer apparatus here with that of 
Cambarus we find greater simplidty, as was to be expected for the 
performance of this less specialized mode of transfer. 

The first stylet of this A, leniusctdus (Fig. 14) is like that of 
the English Astacus^ as figured by Huxley (7) in the main, while 
also being like the stylet of Cambarus. The base is simple and 
without the specialization of form to nicely accommodate the 
second stylet, but the ridge along the neck bears setae. The 
spiral is obviously a hollow cone or tapering scroll with a very 
wide orifice between the long external, and the shorter median 
mass. The groove is much more open than in Cambarus and 
the whole organ is less rigid and seems as if well made for a mere 
conduit and not for an organ to be forced into a hard slit. The 
stylet is not noticeably bifid and the rather blunt tip is the canula 
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while the spatula and all other lateral out^owths are absent. 
Huxley says of A. fimiatUis, "terminal half of the appendage 
is really a broad plate, slightly bifid at the summit, but the sides 
of the plate are rolled in in such a manner that the anterior half 
bends around and partly encloses the posterior half. They thus 
grive rise to a canal, which is open at each end, and only partly 
closed behind.*' In A, leniusculus this overlapping of the one 
part by the other has proceeded much farther, so that in Fig. 14 
we see the antenor, or median, mass has covered in and concealed 
the external mass through all the terminal extent. 

In sections this extensive inwrapping becomes at once patent 
The section 1 5 shows a widely open canal closed in not only by 
the rolled median mass but internally by an opposite rolling of 
the external mass ; that is, the hypothetical plate, of which the 
terminal part of the* stylet is composed, has both its edges rolled 
in, first, the external edge and then the median edge outside the 
other. Both flaps come so close together that near the tip of the 
canula 1 5 (Fig. 14) the central tube is well shut off from the water 
(Fig. 15). Contrasting thb with Camharus (Fig. 3) we see that 
in both cases there is a homy plate inrolled, but in Astacus, this 
is much like the rolling up of a sheet of paper, while in Camharus 
it is the buckling up of a thickened mass whose edges meet over 
a groove. Camharus shows the derived, the more special, the 
less mechanically direct sort of inrolling. 

Farther down the stylet (at 16, 17, 18. of Fig. 14) the rolling 
is more and more im|>erfect (Figs. 16, 17, 18). These figures 
show the rather thick calcified shell and the usual connective 
tissue, but the absence of glands is conspicuous. Also the edge 
of the external mass becomes specialized as a sharp shelf that 
overarches the large central canal, while the enveloping median 
mass still overlaps the external mass and makes the closure of 
the canal a more firm one. 

In Fig. 17 there is a complexity of the canal that exists for a 
short distance and may prove to be of sonie significance when the 
process of s()erm transfer can be studied. There is a narrow 
side-slit from the groove, to the right in the figure, which is made 
by sfKcial thickening of the shell of the external mass. That is, 
there is a ridge along the bottom of the groove. With this ex- 
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ception, there is nothing to suggest the minute inner part of the 
groove of Cambarus and the large hole covered by the shelf must 
be the homologue of the tubule of Cambarus, 

The obvious suggestion that the canula is derived from a rolled 
plate is unfortunately supported by no actual observation, though 
the few following facts regarding the development of the stylet in 
A, leniusculus show a simple beginning that may well later suffer 
a process of inroUing. 

A larva 19.5 mm. long, shedding from the fourth to the fifth 
stage, showed on the cast the two minute papillae seen in Fig. 19, 
growing toward one another on the ventral ridge of the sternum 
of the first abdominal somite. That these are the first stylets of 
the male is indicated by the fact that in larvae killed in the middle 
of July and presumably in the fourth and fifth stages nine showed 
no outgrowths and were probably females while six showed out- 
growths similar to these in Fig. 19. These little stylets differed 
much in the different males. 

In larvae from 20 to 26 mm. long the stylets differed in size and 
form from the state shown in Fig. 19 to that shown in Fig. 23. 
The state of advance of the stylet was not parallel to the length 
of the larvae, thus a male 26 mm. long had the stylet much as in 
Fig. 19, while one 25 mm. long had them as Fig. 23. A male 
20 mm. long had the stylets shown in Fig. 20 ; they were some- 
what flattened papillae pointing toward one another. Fig. 21 
shows the left stylet from a male 23 mm. long and Fig. 22 that of 
a similar male. The most developed stylet (Fig. 23) is not only 
flattened but its posterior face is somewhat concave and shows on 
its median edge, to the left in the figure, a slight notch to repre- 
sent the future neck (compare Fig. 14), while the median edge is 
thickened as if it might grow up to form the enveloping median 
mass to cover over the flattened or concave part that would be 
the groove. The whole organ is then a stiff flat spoon and is 
remarkably like the stylet of the American lobster in miniature. 

At the tip of the stylet is a minute protuberance tipped with a 
spine and suggesting a sensory function (Fig. 23). This was 
found on the stylet of the opposite side, but not in any of the 
stylets of other males, which were all less advanced.* 

^ The general proportions of the longest 26 mm. male may be seen from the fol- 
lowing measurements : The length of antennae 26 mm., the chelae 18 mm., the width 
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While the first stylets of both Cambarus and Astacus show 
neither in their anatomy nor in their ontogeny any sign of 
derivation from the typical forked crustacean limb this is not the 
case with the second stylets. These remain forked in the adult 
and we shall see that they arise from the modification of an ordi- 
nary pleopod by the addition of a lateral outgrowth, while the 
first stylet would seem to be derived by the dropping out of 
part of the typical limb and by the condensation of the rest. 

The second stylet in Cambarus bears a setose exopodite and 
endopodite that are fringed with setae and contain muscles that 
move these forks of the limb upon the basal part. In the develop- 
ment of the larva there is added to the simple limb an outgrowth 
from the endopodite that finally becomes the peculiar excres- 
cence characteristic of the second stylets of the crayfish. 
These outgrowths are applied by the adult male against the 
orifice of the first stylet and play an important accessory role in 
the processes of sperm transfer. 

In Astacus the second stylet (Fig. 24) is much like that in 
Cambarus, It has a slender exopodite {Ex) and a wide endo- 
podite (£/f) that ends in a setose filament {Fl\ But the lateral 
outgrowth, or excrescence, is diflerent. In Cambarus this part 
may be called the triangle and it ends in a rounded free edge that 
is inserted into the groove of the spiral of the first stylet during 
sperm transfer. This thick edge is somewhat comparable to a 
radius bone ana ends with a hollowed head. Distal to this radius 
the triangle is continued as a pyramid, bearing setae : this pyramid 
we call the ** wedge.** 

But in Astacus (Fig. 24), the triangle (7r) suggests an extin- 
guisher in form since the wedge ({K) is a direct continuation of 
the edge of the head of the radius in the form of a curved plate 
as indicated in the smaller figure to the right. The wedge (}V) 
is not a pyramid at all but a thin, rather pointed plate curved 
around a deep depression to join the edge of the radius (iV) as 
shown in Fig. 24. 

of tb^>f Az 8 mm. (in alccthol), of tclioo fais II mm., of trlion 5.5 mm., of teix 00 
tclton I 5 mm., Duml>cr of jf>iDU io anlennx 75 plus. The »t>Irts were aboot a ma. 
■od the 4e<(>n<i stylri* 4 mm. apart. There wa* a rounded area and a dim white 
or^an within base of hfth \c%^ indicating the delTcrent duct» of the maJe« probably. 
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From the state found in this Astacus^ the more "extinguisher-" 
like shape found in the English Astacus could be formed by a 
process of simplification, or reversal of specialization, just as is 
true for the first stylets. The above mentioned larvae of Astacus 
lenitisculus furnished but meager facts bearing upon the ontogeny 
of the second stylet, but this is enough to establish the existence 
of an early modification of the median edge of the endopodite to 
subsequently form the triangle or scroll. The second pleopod 
is at first like the following ones and only gradually takes on the 
specializations that make it an accessory sperm-transfer organ. 
The earliest detected modification of the endopodite was a slight 
groove followed in larger larvae by an elevation on which the same 
groove was seen. How this groove on an elevation gives rise to 
the triangle remains for study of later stages to decide. 

In Fig. 27, which is the anterior face of part of the second 
pleopod of a male, there is a marked protuberance on the median 
side of the endopodite, and this contains a lateral groove. In 
some other males the groove was present, but not the elevation. 
Thus Figs. 25, 26 represent the anterior and the posterior faces 
of the edge of the endopodite of a male 23 mm. long, showing 
only the exoskeleton and the plumose setae. The groove is a 
transverse pit which ends abruptly on the anterior face of the 
endopodite ; it is bounded distally by a slight lip-like transverse 
ridge standing out into the water. 

There is thus a transverse pit on the median face of the endo- 
podite at the region that will later be part of the triangle (com- 
pare Figs. 27, 24). The cells of the epidermis were small and 
ran in as a single layer to line the pit and extend into the lip as 
a solid mass. 

In the more advanced stage Figs. 27, 28 this same pit is on a 
decided elevation. The pit is a transverse slit still lined with 
epidermal cells (Fig. 28), but its distal edge is no longer a lip but 
only part of the general elevation. This male was the one having 
the advanced first stylets seen in Fig. 23. The posterior view 
(Fig. 28) is intended to show the epidermal cells in surface view as 
well as in optical section and also the fact that the pit opens 
gradually onto the general level on this posterior face, while on 
the anterior face it ends abruptly at a steep wall lengthwise of 
the endopodite. 
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No doubt the general elevation later becomes the triangle and 
is comparable to the knob found in Cambarus^ but the meaning 
of the lateral pit is problematical. Possibly it is the forerunner 
of the cavity at the end of the triangle which gives it the extin- 
guisher-like form, and which being still more prominent in the 
English Asfacus may be an old trait that would more likely find 
expression in the older genus, Astactis, than in the newer one 
Cambams. 

By way of summary we will state that the first stylet of these 
crayfishes, Cambams and Astacus, has the anatomy of a pleopod 
that has lost both its biramous form and its intrinsic muscles and 
has become a nearly closed tube. In its physiology it is essen- 
tially a tube to transmit the sperm from the male to the female. 

The ontogeny throws little light upon the phylogeny of the 
organ since at its first appearance in the larva it is already a 
simple papilla, which in Astacus becomes a flat plate that then 
rolls in to form a tube while in Cambarus it forms a tube by 
thickening of the edges. 

The apparent simplicity of the first stylet in Cambarus misled 
Hagen (3, p. 17) to regard it as having lost its channel save for 
the external groove, while in reality there is a functional inner 
tubule. 

The anatomy of the first stylet of Cambarus gives a firm basis 
for the inteq)retation of the various terminations of this organ as 
exhibited in different species and made use of for detecting genetic 
relationship as well as specific characters. It will be necessary 
to restudy the stylets of all Cambari to determine in how far the 
accepted morphological division into ** inner** and ** outer*' parts 
is a sound basis for comparisons. In each s|)ecics the canula, or 
real termination of the organ, must be distinguished, and the 
various secondary outgrowths classified as to their origin from 
the two sides of the groove that ends at the tip of the canula. 
With this knowledge a more scientific understanding of the genus 
may be possible. The ••outer" part seems to be the canula or 
real end of the organ and the •' inner '* part only a lateral out- 
growth from one side of the canula. The two are not of equal 
import.* 

' In prauicc suins that entrr the canuU tubule will aid in rrco;{nition of the 
canula without the ne«d of ^cttiont. 
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The second stylets of Astacus and of Cambarus have the value 
of pleopods that have merely added a lateral outgrowth which 
arises in larval life and serves as an accessory organ in^ sperm 
transfer. 

It is evident that the stylets of the species of Cambarus studied 
are much more highly specialized than the stylet of the American 
Astacus studied and this in turn seems less generalized than the 
Astacus of Europe. 

The stylets of Cambarus could be readily derived from those of 
Astacus by specialization. The addition of glands, the strength- 
ening of the shell, the refinement of the conducting tubule and 
the perfection of the accessory stylet in Cambarus may all be 
regarded as correlated with the presence of the annul us and 
sperm pocket in the females in this genus : the more accurate 
apparatus of the male Cambarus being used for a much more 
specialized task. 

The first stylets in both genera might be derived from a flat 
stylet similar to that in the .lobster where, probably, the two, 
right and left, are used at the same time to fill the sperm 
receptacle. 

Upon this assumption we would regard Astacus as having lost 
some sort of a sperm receptacle which has been retained and 
perfected by Cambarus, 
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EXPIJ^NATION OF FiGURtS. 

Fig. I. Camiarus virilu : I, posterior (ace of left stylet of adult, ja^ ; a, median 
face of the same, la^ ; 3, crou-section of the stylet at the level, j^f^ Fig. 3, lA. 
Cambarus DiOf^enes : 4, median face of left stylet, ^ ; $, section across the above 
at the level, $t jA ; 6, postencN' face of the left stylet, ja^ Camkarus Oar kit : 7, 
median face of left stylet, ^0« ; 8, enlarged view of external face of tip of left stylet, 
Mt 90 mm., A ; 9, section across stylet at level, 9, of Fig. 7. lA. Camkams mtntt" 
tttitue : 10, bases of second and third left legs, showing hooks, of male 30 mm. long, 
anterior view, ja^; ii, median face of left stylet, j, 90 mm., A ; 12, cross-section 
on the level 13 of Fig. 1 1, 4A ; 13, cross-section of same on level 13, 4A. 

Fig. 3. Astacus Umimsatims : 14, posterior face of left stylet turned to show 
somewhat of the median face. Af,; 1$, secti6n across the above at the level 15 of 
Fig. 14, ^D\ 16, crott section at the level 16 of Fig. 14, ^, 90 mm., A ; 17, cross- 
section at the level 17 of Fig. 14, ^, 90 mm., A\ 18, cros^section at the level 18 
of Fig. 14, it 90 mm., A ; 19, papillse, or stylet on the first abdominal somite of lar- 
val shell passing from the fourth to the 6fth stage. Length of body, I9.5 mm., ^, 
an ; 20, stylets of a male 20 mm. kmg, .#, 90 mm., A ; 21, left stylet of a male 23 
mm. long, *A ; 23, stylet of a male like the last, jA ; 23, left stylet of a male 3$ 
mm. long, posterior Csc«, lA ; 24, secood, or accessory, stylet ; anterior face, some- 
what turned to show the external fisce in part, la^ ; small 6gurc to the right is the 
enlarged end of the radius; 35, part of the edge of the end<)()odite of the accessory 
stylet of a male 23 nmi. long, antarior face, jO ; 26, posterior face of the same, ^D ; 
27, anterior face of the endupodite of the accessory stylet of a male 25 mm. long, 
jA; 2^, cell outlines over elevation and pit of the edge of the endopodite of above 
*tylet, £/). 
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BIOLOGICAL BULLETIN 



A NEW GENUS OF PARASITIC GASTROPODS. 

HAROLD HEATH. 

A number of gastropods are known, living parasitically upon 
the body of certain echinoderms, which retain the shell and 
typical internal organization so that their systematic position is 
readily established. On the other hand several endoparasitic 
species exist which have become so highly modified that they 
stand in much the same relation to the free-living forms as 5^^- 
culina to the typical drripedes. Owing to the lack of any de- 
tailed information relating to their ontogenetic development the 
relationship of such forms is highly problematical. And further- 
more it is difficult to accurately follow the stages of the phylo- 
genetic metamorphosis which the body has undergone, and 
accordingly to establish the homologies of some of the principal 
organs. Schiemenz * in a very suggestive paper has attempted 
to construct a hypothetical animal connecting the least modified 
species like Stylifer on one hand with the highly degenerate 
types represented by Entoconcha. In several respects the animal 
here described resembles tlie hypothetical form and in a measure 
enables us to follow some of the changes which the more degen- 
erate species have undergone. 

My attention was attracted to this gastropod by my friend 
and colleague Dr. W. K. Fisher who discovered it in a species 
of starfish {Brisinga evermanni Fisher) taken by the U. S. F. C. 
Str. "Albatross" in the neighborhood of the Hawaiian Islands 
(sta. 3467) at a depth of 310 fathoms. It occupied the coelomic 
cavity close to the base of one of the arms, producing a marked 
distention (Fig. 2, PI. I.),of the body wall. The animal was un- 

' P. Schiemenz, ** Parasitischc Scbnecken-Kritische Referat," ^iW. CtntralhL, 
Bd. 9. 
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attached and was put in communication with the exterior by a 
slit-like aperture 2 mm. long. The body is subglobular in 
form, distinctly bilateral, light yellow in color and measures 14 
mm. by 1 1 mm. The external opening, communicating with 
the exterior through the aperture in the arm of the host, is in 
the mid line and is surrounded by prominent lips. These last 
named structures are covered with a firm cuticle produced into 
16 pairs of interlocking teeth (Fig. 6, PI. I.). 

An examination of Fig. i, PI. I., will disclose the fact that the 
body proper, containing practically all the organs except the 
female reproductive gland, is overgrown by a great fold attached 
to the front end of the body, but elsewhere separated from it by 
a narrow slit-like space which communicates with the above men- 
tioned fissure-like opening guarded by teeth. Anteriorly the 
ventral surface of the body is developed into a snout-like projec- 
tion bearing the mouth opening*and a small pair of tentacles 
(Fig. 1). More posteriorly the ventral surface, corresponding 
to the foot of free living forms, is somewhat flattened but lacks 
the usual high ciliated epithelium and gland cells. Still farther 
back the peculiar kidney forms the ventral surface behind which 
is the rectum borne on a papilla-like elevation. Some of these 
characters and others to be mentioned indicate distinctly gastro- 
pod relationships which have been retained in spite of parasitic 
habits. 

The entire surface of the body is covered with a cuticular layer 
usually well developed on the ventral surface over the lobe-like 
projections shown in Fig. 8, PI. I. In this last named region it 
becomes developed into numerous small papillae each of which 
is penetrated by what is probably a nerve fiber (Fig. 7, PI. I.). 
Within the animal the layer is much thinner and over the respira- 
tory papillae (/) and the adjacent regions is provided with numer- 
ous slender and apparently solid, hair-like processes. 

The hypodcrmal layer consists of flattened cells, with large 
nuclei, separated at many points to allow muscle fibers to attach 
directly to the overlying cuticle. In addition there are many 
bipolar cells, one fiber passing distally into the above mentioned 
cuticular papilKx- the other becoming lost in the subjacent tissue. 

The mouth opening is situated u()on the summit of a well-defined 
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proboscis which is concealed from view by a fold (not shown in 
figure) springing from its base. From the study of sections it is 
evident that this fold is of greater length than the proboscis and 
is not united along the median line posteriorly. Externally the 
fold is covered by a cuticular layer which is continuous over the 
proboscis and within the digestive tract itself as far as the radula. 
This last named organ is in a very rudimentary condition since it 
consists of but a single tooth (Fig. 5, PI. I.) composed of some 
finely granular substance staining intensely in Delafield's haema- 
toxylin. On each side of it are the openings of the salivary 
glands which are doubtless the homologue of the ventral pair in 
other molluscs. 

The main portion of each salivary gland consists of a large sac 
located at the sides of the body proper as shown in Fig. i, PI. I. 
The component cells are highly vacuolated structures containing 
a faintly staining, granular secretion that is present also in the 
adjoining cavity. Ventrally, in close proximity to the outlet of 
this portion of the organ, the walls of the sac change abruptly in 
character and consist of more slender non-staining elements 
developed into low folds. Surrounding these cells are others of 
considerably greater height that form a papilla projecting into 
the cavity of the next division of the organ (Fig. 4, PI. I.). This 
last named section is plain-walled and is composed of low 
columnar cells containing small quantities of a finely granular 
material, possibly a glandular substance difTering from that of the 
larger sac. At the base of the proboscis the walls become pro- 
duced into several small folds before entering the slender canal 
passing onward to its outlet at the side of the radula. Beyond 
the radula the pharyngeal or oesophageal epithelium becomes 
thicker and is attached to several muscle fibers acting as dilators 
and constrictors. The opening into the stomach is on the 
summit of a papilla whose general features are represented in 
text fig. A. 

Opening into the oesophagus in close proximity to the stomach 
are two sets of glands, that may correspond to the dorsal salivary 
glands of other molluscs, whose position has shifted, though 
there is a possibility that they are strictly oesophageal products. 
Each group extends from the neighborhood of their outlet far 
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out into the pseudo-pallium, in some instances coming in contact 
with the hypodcrmai layer. So far as maybe judged from the 
present specimen every cell possesses a slender ductule extend- 
ing to its independent opening into the oesophagus. The secre- 
tion is colorless or of slightly pinkish tinge and in many cases is 
of less volume than the uniformly granular, strongly staining 
nuclei. In some instances the last named structures are more 
or less spherical, and again may be mammillated or formed of 
approximately eight globular masses as though formed by the 
incomplete fusion of as many chromosomes. 




Fi<*. A. Section at level of (riophageal opcninf^ into tiooiach (j/). c/, trsopha* 
geal glands ; /, testis 

ViG. H. Section coiTcs|)onding to line ^. t'\g, I, PI. I. /, liver; ct; ova; /, 
salivary gland; i/, ttomach. The pleural pedal ganglion above (in figure) the 
ttomach has, for the sake of clearness, been shifted slightly forward in Kig. 1, PI. I. 

The stomach is a voluminous sac extending throughout the 
greater part of the body proper. Its walls are. composed of 
what appear to be two distinct types of cells (Fig. 3. PI. 1.) though 
they may possibly represent diflcrent stages of glandular activity. 
The more abundant form is almost cubical, highly vacuolated 
and contains a few slightly yellowish spherical granules. Among 
these are very much larger elements protruding some distance into 
the neighboring lumen and distended with a finely granular vacuo- 
lated material in which are a few spherical granules .similar to 
those of the other tyf)c of cell. Opposite the level of the proboscis 
the stomach is expanded on each side to form a voluminous 
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pouch provided with a few secondary branches. These pouches 
probably are to be considered as representing the hepato-pancreas 
of other molluscs though the component cells differ in scarcely 
any essential respect from those of the main division of the 
stomach. At several points in the pseudo-pallium structures 
occur that strongly resemble the liver, but as they lack any 
definite connections it is impossible to claim that they were once 
united with the digestive tract. 

The intestine presents the form of a cylindrical tube invested 
with numerous circular and longitudinal muscles attached by con- 
nective tissue and muscle bundles to the stomach and body wall. 
Its epithelial lining consists of relatively slender cells whose 
boundaries distally are difficult to determine owing to the large 
quantities of highly vacuolated protoplasm they contain. The 
outlet is guarded on each side by a large conical papilla covered 
with a thick cuticle fashioned near its tip into several slender 
filaments. 

The stomach contains a small quantity only of a finely granu- 
lar substance so that it is impossible to gain any insight into the 
methods of feeding and the nature of the food of this animal. It 
is probable that the proboscis and tentacles may be protruded 
through the external slit-like opening and organic substances may 
be picked up from the ooze as its host crawls about. It appar- 
ently absorbs little if any nourishment from its host though there 
may be some interchange of gases. 

No sign of a heart exists in this species as is the case also with 
Entoconcha. A clotted substance abounds in the lacunae among 
the various organs which doubtless represents blood. Groups of 
cells here and there may be corpuscles but their resemblance to 
connective tissue cells renders the determination uncertain. 

As noted in a preceding paragraph respiration may be effected 
to a slight degree through the general body surface in contact 
with the coelomic fluid of the host. The chief respiratory organs 
however appear to be the finger-shaped processes (Fig. i,/, PI. I.) 
attached to the posterior end of the body. With the exception 
of the hypodermal layer and a few muscle fibers passing in various 
directions from wall to wall or attached throughout their entire 
extent to the walls these organs are hollow and are probably 
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more or less distended with blood in a living condition. It is 
probable also that they may be extended into the neighborhood 
of the external opening or even protruded through it. 

A problematic organ, which appears to be a kidney, is situated 
beneath the stomach anterior to the intestine (Fig. i, k, PI. I.). In 
this region the body wall is provided with a considerable number 
of outpouchings of varying size, though usually com(>aratively 
short, each of which is invested with a definite cuticular layer. 
In life all of these are probably filled with blood and are lined 
with a few connective tissue and muscle fibers some of which may 
span the cavity. With the exception of a few of the anterior 
projections the walls are provided internally with a very consid- 
erable number of relatively slender finger-shaped processes re- 
sembling those on the inner wall of certain prosobranch kidneys. 
They differ, however, in being invaginations of the body wall 
and are lined with a continuation of the cuticular layer covering 
the body generally. The cells of these minor processes arc of 
moderate size, more or less cubical, though they often become 
flattened near the tip of the organ, and under high magnification 
have been seen in several instances to connect with a central 
lumen by means of delicate pores. Judging from these appear- 
ances the cells of each of these slender processes extract from 
the surrounding plasma waste materials, and pass them into the 
contained lumen from whence they make their way to the exterior. 

While the ganglia are readily located the nerves are not sharply 
differentiated from the muscle fibers through which they pass and 
accordingly have been traced in a few cases only. The cerebral 
ganglia, united by a relatively long commissure, are situated in 
front of the pharynx and beneath the forward end of the stomach 
(Fig. I, PI. I,). Two connectives lead backward at the sides of 
the phar>'nx to the pleuro-|)edal ganglionic masses placed about 
oppKDsite the level of the posterior border of the proboscis. These 
last named ganglia arc indistinguishably fused though they are 
distinctly paired and originate a very few small nerves that have 
been followed for a short distance only. One large branch on 
each side, arising from the anterior half of the nerve mass, passes 
dorsal ly and laterally and breaks up into three divisions. The 
first piisscs up into the lar^c fold or pseudo*|)allium close to the 
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large cavity, ventral to the body proper, that communicates with 
the exterior. The second pursues a course anteriorly in the 
pseudo-pallium and disappears from view among the large ova. 
The third, also in the pseudo-pallium, makes its way backward 
for a considerable distance but finally vanishes in several small 
muscle bundles. 

Together with Entoconclia and Enteroxenos this species is 
monoecious and the ovary and testis are separate and distinct. 
The testis occupies a position lateral and ventral to the stomach 
about opposite the level of the pharynx, and is bilaterally sym- 
metrical and gives evidence of being a paired organ. In the 
region concealed by the liver in Fig. i. PI. I., the organ is con- 
tinuous across the mid line ; but anterior to this point the 
unpaired division develops an extensive anteriorly directed pouch 
on each side of the stomach. The gland is in an immature con- 
dition, containing many spermatogonia but no later stages. 
Behind the unpaired section a duct of very large caliber arises, 
on each side of the mid line, with thin walls and a glandular, 
apparently ciliated, low ridge on its inner face. In this condi- 
tion it continues to a point opposite the middle of the kidney 
where it contracts abruptly to a slender, thicker walled tube 
which is directed ventrally to open into the narrow slit-like space 
between the body and some of the kidney lobes. 

The ovary is confined to the large fold enveloping the body, 
practically all of the space unoccupied by the liver being filled 
with large ova. These are suspended, almost precisely as in the 
chitons (see Haller*s Fig. 328, Lang's ** Lehrbuch," p. 366), in 
slender sacs, outpouchings of the germinal epithelium, and in a 
completed condition are surrounded by a follicle. No definite 
oviducts are present, the ova probably escaping by means of 
ruptures in the wall adjacent to the body proper. 

The ova, fertilized either in or out of the body, may readily 
escape from the animal and from the host and doubtless in the 
free-swimming stage make their way to another host into which 
they burrow and take up their final position. The changes that 
ensue are wholly unknown but it is evident that the fold or 
pseudo-pallium, in this species at least, is not a portion of the 
foot. As may be seen in Fig. i it arises as a duplicature of the 
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body wall in front of the proboscis and may in reality represent a 
modified mantle, having been developed from such a type as 
now exists in the aspidobranchs. 

Concerning the systematic relationships of this animal it is 
difficult to speak with certainty. From the paired character of 
the testis it appears to have been derived from some aspidobranch 
ancestor in which there were traces of the original bilateral sym- 
metry. In its present condition the animal is perfectly sym- 
metrical, but it does not follow that its immediate ancestors were 
such. Just as the modem more or less symmetrical lithodes 
have been derived from the asymmetrical hermit crabs so this 
species may have secondarily assumed its symmetrical condition. 

The genus may be defined as follows : 

Ctenosculum new genus. Body globular, bilaterally symmetri- 
cal, almost completely enveloped in a fold of the body wall. 
Proboscis and tentacles present. Two sets of salivary glands, 
radula reduced to one triangular tooth. Moncecious, testis and 
ovary distinct and separate, the latter occupying the fold. Para- 
sitic in starfish, Brisinga n^ermanni, Hawaiian Ids. Type of 
genus C, hau*aiuHS€, 

C. haivaiiensi new species. With characters of the genus. 
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Explanation of Plate I. 

Kio. I. OeMMcnJmm kawaiiemt with teA half of the pseado-patlium removed. 
€^ cerebral ganglia ; i, kidney ; A liver ; o^ cesophagus; /, papillse arising fixNobodj 
wall ; 4f , salivary gland ; ti, itomach. 

Fig. 2. C3rst in starfish arm prodoced by parasite. 

Fig. 3. Two tjrpes of cells of gastric epithelium. 

Fig. 4. Outlet of salivary gland ( g) into reservoir (r). 

Fig. 5. The single tooth of the radula with salivary ducts opening on each side. 

Fig. 6. Cuticnlar tetth guarding the opening into space between body and pseudo- 
pallium. 

Fig. 7. Plspillatc cuticle, from ventral surface of body, traversed by nerve fibers. 

Fig. 8. C. Aawaismu, entire animal, ventral view. 



THE OCCURRENCE OF AMITOSIS IN MONIEZIA. 

C. M. CHILD. 

In a recent paper, ** On the Method of Cell Division in Tania" 
by A. Richards/ the author records his failure to find amitotic 
division in Tcenia and suggests on the basis of his results that my 
conclusions concerning amitosis in Momesia* are due to errors of 
observation. 

The appearance of this paper makes it necessary for me, in 
defence of tny observations, to emphasize certain features of my 
own work, to which Richards has apparently not given adequate 
consideration, to add a few observations not included or only 
briefly referred to in my earlier papers and finally to subject his 
attempts at interpretation to critical analysis. 

In the first place, it might seem that the reading of my state- 
ment concerning methods of fixation and precautions employed 
(I., pp. 89-93) would suggest to anyone that I had exercised at 
least some degree of care in order to avoid errors of observation 
of so gross a nature as the mistaking of a mass of " Nebendotter " 
for a nucleus. As I stated, fresh material was fixed by the most 
various methods during each of four successive years, and a large 
part of my time during this period was devoted to the study of 
the preparations, from which hundreds of camera drawings were 
made. The work was begun simply because the apparent absence 
of mitosis in certain regions of growth interested me, and I ex- 
pected to find either some unusual type of mitosis or else short 
recurrent periods of mitosis. What I did find, however, led me to 
exercise the utmost care and to go over the ground repeatedly 
even after I had published my preliminary paper in 1904.^ Dur- 
ing the whole period of my work I was constantly searching for 

ifiioL. Bull., XVII.,4, 1909. 

'Child, ** Studies on the Relation between Amitosis and Mitosis,'* I., Biol. Bull., 
XII. , 2, 1907 ; II., i*/V/., 3-4; III., i6u/., XIIL, 3, 1907; IV. and V., i6id., 4. 
In later references to these papers in the text they will be designated simply by the 
Roman namerals I.-V. 

* ** Amitosis in Moniezia,^* Ana/. An$., XXV., 22, 1904. 
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modified forms of mitosis as a possible basis for interpretation, 
but the frequency and almost diagrammatic clearness of the cases 
which I could interpret only as direct division, satisfied me that 
no such interpretation was possible. I have f>ointed out (I., pp. 
91-2) the diflficulties attendant upon the observation of amitosis 
in fixed material and the methods employed for giving the greatest 
possible certainty. Cases of apparent division which appeared in 
the slightest degree doubtful were not accepted as evidence. I 
have demonstrated many cases of apparent amitosis to others, 
both students and colleagues, who were able to see them with 
perfect clearness and had no doubt of their being what they 
seemed to be. 

On pp. 312-313 of his paper Richards says : " I must protest 
against the balancing of results obtained from such unfavorable 
material as that which cestodes offer against such favorable 
objects for cytological study as for example the Orthoptera." 
This protest involves somewhat peculiar ideas of cytological 
study. Apparently, according to Richards, we must draw our 
conclusions from " favorable '* material and leave the unfavorable 
aside. And apparently also because certain phenomena are 
clearly visible in favorable material, e, g., the Orthoptera, we 
must conclude that the phenomena in other less favorable mater- 
ial are essentially similar. No field of biological science, and 
perhaps no field of science in general, has suflercd to such an 
extent as has morphology from premature generalizations based 
on observation of one or a few forms. Indeed it is perhaps not 
too much to say that limited observation and premature attempts 
at generalization often go hand in hand. 

As regards the " unfavorable ** character of the Moniizia 
tissues I must disagree to some extent with Richards. With 
proper fixation, with sections sufficiently thin — most of mine 
were 2-3 micra — and with careful staining and extraction, the 
material is no more diflficult to study, at least as regards nuclear 
phenomena, than many other tissues, I have seen hundreds of 
cases of apparent amitosis which were almost diagrammatic in 
their clearness when observed with a little care, though of course 
not as conspicuous as certain phenomena of mitosis in certain 
species and cells. If observation of fixed and stained material is 
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of any value at all as a means of discovering the visible phenom- 
ena of cell division, I can only conclude that direct division occurs 
in Moniezia as I have stated and that it can be seen readily 
enough by anyone who is willing to take sufficient care in 
preparation and observation. 

Moreover, I have not, so far as I am aware, attempted at any 
time to ** balance ** my observations against those of others. 
The real point at issue is not my observations against those of 
others, but my observations against a hypothesis, which cannot 
be proved by observation, viz., the chromosome hypothesis, for 
the only real objection to the acceptance of my observations at 
their face value is the existence of this hypothesis. I do not 
wish to enter into fruitless discussion of the hypothesis, but 
merely to emphasize the fact that I have attempted in every way 
possible to make the record of my observations a record of actual 
fact. Such records cannot be controverted either by observations 
on another genus and species or by invoking a hypothesis which 
is far from being proved. It is interesting to note that Richards' 
paper is to a considerable extent devoted to ** balancing " his 
observations against my own, although both according to him 
are made on the ** unfavorable " cestode material. 

Turning now to certain matters of detail, we may consider first 
certain points with respect to the parenchyma. My observations 
on amitosis began with a study of the neck-region, i. ^., the 
region between the scolex and the first visible proglottids. In 
this region the tissue of the body consists mainly of parenchymal 
cells, muscle fibers, the nerve cords and the nephridial canals. 
At the posterior end of this region the proglottids become visibly 
marked off one after the other, each including a certain portion 
of the tissue. In other words, the cells which constitute each 
proglottid either preexist, or arise by the division of preexisting 
cells in the neck-region, or else they must arise de novo. Ex- 
amination of transverse sections at short intervals from the scolex 
backward into the proglottid region shows a very considerable 
increase in the number of nuclei, as I have determined by actual 
counts of the nuclei in the sections. In short there can be no 
doubt that new parenchymal nuclei are formed in this region, and 
when we consider the enormous number of proglottids formed 
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from a^single neck-region and observe that the number of 
nuclei in the'^^neck-region at any given time is sufficient 
for only a few proglottids it becomes evident that during the life 
of the animal an enormous number of new nuclei is formed in 
some way in this^region. These facts dispose of Richards* con- 
clusion that the parenchyma grows chiefly by the formation of 
" intercellular material." 

Moreover, in view of these facts it is not in the least surprising 
that Richards has failed to observe any division, either mitotic or 
amitotic in the parenchymal cells (p. 323), since, so far as can be 
determined from his statements, he has apparently paid little or 
no attention to[the)neck-region. Mere observation of the method 
of growth and the abundance of nuclei in this region forces us to 
conclude, either that nuclear divisions occur in enormous 
numbers in this region or else that nuclei are formed de noi*o, an 
alternative which most of us would hesitate to accept without 
proof of the most conclusive character. 

When one examines scores of these neck-regions, as I have 
done, and finds first absolutely no mitoses and second hundreds 
of cases of apparent amitosis, many of them almost diagrammatic, 
the evidence for^the occurrence of amitosis acquires at least some 
value. 

On p. 322 Richards says : " Child has assumed all through 
his work that the absence of mitotic figures in tissues known to 
be growing rapidly is evidence of the occurrence of division by 
amitosis." He then proceeds to show that the growth of the 
parenchyma occurs to a large extent by the formation of " inter- 
cellular material.** This statement of Richards seems, so (ar 
as it concerns my own position, to be an error. My argument 
is actually as follows : When mitosis is absent from regions where 
rapid increase in the number of nuclei is manifestly taking place, 
we have good reason to believe that some other form of nuclear 
division is occurring, especially when we have discovered what 
appears to be this other form in other tissues of the same animal. 

I have, I think, made it suflficiently clear all through my work 
that in speaking of regions of rapid growth I meant not merely 
regions in which the celU were increasing in size or forming in- 
tercellular material, but those in which they were actually increas- 
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ing in number. I have never, however, considered absence of 
mitosis in such cases as proof of the occurrence of amitosis. Only 
the actual observation of amitosis can prove that it is occurring. 

I wish to add to my earlier observations the fact that in a sin- 
gle individual consisting of scolex, neck-region and a few of the 
youngest proglottids, I have found almost every nucleus in mi- 
totic division. This is the only case of the sort which I have 
ever observed. Aside from this I have never seen a single case 
of mitosis in this region of the body. I am inclined to believe 
that this is a young animal in the early stages of growth. In my 
work on various other forms, as yet unpublished, I have found 
considerable evidence in support of the view that amitosis becomes 
more frequent as growth (with cell division) becomes more rapid. 
In Planaria^ for example, regeneration begins with mitosis, but 
as the growth of the new tissue becomes more rapid amitosis 
takes the place of mitosis. Patterson ^ has found that the fre- 
quency of apparent amitosis increases in regions of rapid growth, 
and other evidence to be presented elsewhere exists. 

For those to whom the positive observations on amitosis are 
of little or no value as evidence this case of mitosis in the neck- 
region of Moniezia opens a way for simple interpretation. They 
will conclude, as Richards suggests (p. 32o\ that mitosis is of 
short duration and occurs in waves, /. ^., is periodic, and that all 
the other individuals observed by me are simply stages between 
two such periods. At present, however, I cannot accept such 
an interpretation as the correct one. Not only the cells of the 
neck-region, but the cells of the scolex, which does not take part 
in the growth of other regions are undergoing mitosis in this 
specimen. Moreover, I am as yet unable to convince myself 
that the many cases of apparent amitosis, which I have observed, 
in the neck-region of other individuals, are all errors of observa- 
tion, or something else than nuclear division. 

Concerning the structure of the nuclei in Moniezia, it may be 
said merely that the non-chromatic portions of the " embryonic 
nuclei ** present widely different appearances with different fixing 
agents. After Hermann's fluid the nuclear structure of the primi- 
tive germ nuclei and the parenchyma nuclei is somewhat similar 

1 <• Amitosis in the Pigeon's Egg," AnaL Ann,, XXXII., 5, 1908. 
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to that figured by Richards for Tania, but after comparing the 
results of various fixing agents I came to regard it as highly 
probable that the " strands of linin '' were simply coagulation 
products and therefore stated (I., p. 93) that *' a distinct reticular 
structure does not appear." Richards (p. 316) attributes to me 
the statement that " the nuclei do not contain any definite retic- 
ulum." Though I am not desirous of splitting hairs this seems 
to me a much more positive statement than that which I did 
make. I do not know how widely different the nuclei oiMoniisia 
are from those of Tania, and while I could give figures showing 
'* strands of linin " in some of these nuclei, I am strongly skep- 
tical, for the reasons given above, as to their representing in 
Moniezia a real nuclear structure existing before fixation. As 
the germ cells approach maturation the visible nuclear structure 
undergoes alteration, as my figures show, and the non-chromatic 
portions show more definite and constant characteristics. Rich- 
ards in his work has apparently employed only Flemming*s and 
Junker's fluids, both of which will, under certain conditions, 
produce reticular structure in solutions of proteids. Since the 
'' strands of linin " were sometimes confusing in the study of the 
nuclear membrane I oflen found it desirable to extract the stain 
to such an extent that they were only slightly stained, or to em- 
ploy fixing agents which did not show them in the resting nuclei. 
But the chief interest centers of course about the occurrence 
or non-occurrence of amitosis in the germ cycle. It is evident 
that if all the nuclei which are included in a given proglottid 
arise, or may under certain conditions arise, in the neck-region 
by amitotic division the germ cells must arise from nuclei which 
have previously divided amitotically. This conclusion is, how- 
ever, open to the objection that since we cannot be certain that 
every individual nucleus in the ncck-re^ion has divided ami- 
totically, it may be possible that the nuclei of the germ cycle 
have not so dinded. This objection is actually of little force, for 
there are probably not enough parenchymal nuclei in the neck- 
rc^ion at any one time to ^ive rise even to all the mother germ 
cells which apjHrar. Nevertheless this objection must be reckoned 
with and I should not for a moment maintain that the amitotic 
division in the ncck-rcjjion constitutes absolute proof of the 
occurrence of amitosis in the ^crm cycle. 



OCCURRENCE OF AMITOSIS IN MONIEZIA. 1 1 5 

In my own work I proceeded posteriorly from the neck through 
the youngest proglottids to the region in which the reproductive 
organs first appear, and then followed their development from 
this point to and through the process of maturation. In the 
primitive germ cells mitosis is more or less frequent, as I have 
shown in my earlier papers, and if I had not found the most 
positive evidence of the occurrence of amitosis I should not have 
doubted that in this period cell division was wholly mitotic. But 
I found it is impo.ssible to convince myself that this was the case, 
simply because I observed too frequently what I could not 
interpret as anything but amitosis. 

Richards has not found amitosis in the germ cells, but he does 
not state what stages in the development of the reproductive 
organs he has examined. If one may judge from his figures and 
his statement on p. 313 that " the female sex cells in the cestodes 
in question are by far the largest cells in the body," it would 
appear that he has examined only the later stages, in which the 
cells have already assumed the definite characteristics of germ 
cells. In these stages I myself have never been able to observe 
amitosis with certainty, though mitosis is often seen. 

It is during what one might designate as the embryonic de- 
velopment of the reproductive organs, when the germ cells, at 
least in the female, are not visibly different, from the cells which 
form the vitellaria and the reproductive ducts, that I have found 
amitosis, though even in these stages mitosis sometimes occurs. 
In order to forestall a possible objection, I should perhaps call 
attention again to the fact already noted in my earlier work (I., pp. 
97-109) that after certain stages the portions which are to form 
the ovary can readily be distinguished from those which are to 
form vitellaria and ducts by their position and method of growth, 
though the cells are all still apparently similar. 

Richards says absolutely nothing concerning these earlier 
stages in his work on Tcenia, and until further evidence is forth- 
coming, it seems at least possible that his failure to discover 
amitosis may have been due to the fact that he examined only 
stages where it does not occur. However, I know nothing from 
personal observation as to the occurrence or non-occurrence of 
amitosis in the species which Richards has examined, and since 



Il6 C. M. CHILD. 

I am inclined to believe that the relative frequency of mitosis and 
amitosis in certain species, and even in single individuals, /. g.^ 
Planaria may vary greatly according to conditions, it is also 
possible that Richards* material differs more or less widely from 
mine. 

And now a few words concerning Richards' attempts at inter- 
pretation of my observations on the germ cells. On p. 3 1 5 he 
suggests that I have been mbled by mistaking for a nucleus or 
part of a nucleus a mass of " Nebendotter *' which occurs in 
" some of the early oogonia . . . while it is not present in some 
oocytes'* (p. 313). That one investigator working with one 
species should be willing, without more positive evidence than 
Richards has anywhere brought forward, to attribute to another, 
of wider experience than himself, and working with a different 
species and genus, so gross an error of observation as this is, to 
say the least, somewhat surprising. But the facts are these : as 
I have noted above, amitosis occurs in the earlier stages of de- 
velopment of the ovary and in such stages the primitive germ 
cells certainly contain no " Nebendotter." As a matter of fact, 
I have never seen anything of the sort at any stage in the ova of 
Alonuaia^ although the cells of the vitellaria, which in certain 
stages may easily be mistaken for .ova, develop such masses 
rather early in their history, but usually not until division has 
ceased (see Child, I., Figs. 3l-35» and pp. 11 2-3). I cannot 
see that my accounts of nuclear structure and division afTord any 
possible basis for the relief that I could have mistaken for a 
nucleus a body which according to Richards stains readily with 
iron hacmatoxylin and appears " as a dark homogeneous mass 
even after a great deal of extraction," by which '* nucleus and 
cytoplasm maybe entirely decolorized ** (Richards, p. 314). More- 
over I have employed various methods of staining which leave 
the yolk almost wholly unstained. 

Concerning the sjij^ht tiiflTcrcnce in color between the two parts 
of a nucleus, which I noted occasionally (Child, I., p. 95), it 
need only be said that I have often observed such differences in 
the somatic cells of Mofntzia, as well as in the somatic cells of 
other forms, where there can be no question concerning 
** Nebendotter," cr)nse(iucntly Richards* suggestion ({>. 315) that 
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one of the parts in such cases is •' Ncbendotter " falls to the 
ground. 

As regards Richards' interpretation of *' endogenous " division 
(Child, I., p. 95), which he presents in connection with the case 
of mitosis shown in his Figs. 17 and 18, it may be said that such 
attempts at interpretation of another's observations are scarcely 
worthy of criticism. The statement of an author that he has em- 
ployed s6 far as possible every precaution and has repeated his 
observations again and again to avoid error, is ordinarily given 
some degree of consideration. Moreover, as regards this par- 
ticular point I stated (Child, I., pp. 95-6) that "some cases of 
this sort of almost diagrammatic clearness have been observed.*' 
And finally reference to a few figures {e. g.^ I., Fig. \iE\ II., 
Figs. 9^ and gC) is sufficient to show that the parts in such 
divisions are often very different in size and the membranes 
perfectly distinct throughout. There is then not the slightest 
basis for regarding them as misinterpreted mitoses. 

To sum up : Richards' evidence for the non-occurrence of 
amitosis is wholly negative, my evidence for its occurrence is 
positive. How far his failure to find amitosis may be due to 
failure to examine the proper stages and how far to the actual 
absence of such phenomena as I have described, it is impossible 
to determine. Second, his attempts at interpretation of my results 
as errors of observation are wholly unsuccessful, since they 
concern stages of development very different from those on 
which I have based my conclusions and occurring in another 
genus, and since they involve a total disregard of much that I 
have said concerning methods, precautions, the appearance of the 
nuclei, etc. 

The whole question of the occurrence or non-occurrence of 
amitosis is one which requires great care and extended research, 
and it may be doubted whether it is a suitable subject for a 
beginner in cytological investigation, both because of his lack of 
experience and because he is likely to be guided to a greater or 
less extent by the views of his instructor. 

I wish to add a brief remark concerning my later observations 
on amitosis in other forms.* In this paper I merely recorded the 

* Child, *• Amitosis as a Factor io Normal and Regulatory Growth," Anat, Am., 
XXX., II and 12, 1907. 
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occurrence of what seemed to me to be undoubted cases of ami- 
tosis in a number of species from different groups of the animal 
kingdom, without attempting in most cases to determine its fre- 
quency or significance, and added a brief consideration of the 
physiological and theoretical significance of amitosis in general. 
Concerning my observations in this paper Richards says (p. 311) 
that my •* evidence is lacking in some respects." I scarcely sec 
how other evidence than positive statements and figures can be 
given and must suggest the desirability of more definite criticism 
than this, for in discrediting another's observations it is no more 
than just to present definite reasons for one's position. 

And finally : if my observations are not in accord with certain 
current hypotheses it is not because of any preconceived opinions 
on my part concerning those hypotheses, but simply because the 
results of my work have forced me to believe that the hypotheses 
are not in accord with all the facts. As regards this point, it 
would seem that our present knowledge of regulatory phenomena 
in organisms is sufficient to show very clearly that certain results 
may be attained in difTerent ways under diflerent conditions. 
Moreover, the periodical recurrence of specific structures in defi- 
nite form and number is one of the most characteristic features 
of the organic cycle, but we do not regard it as necessary to be- 
lieve that those structures should persist as distinct and contin- 
uous entities during the periods when they are not visible. To 
speak specifically, why should we regard the chromosome prob- 
lem as fundamentally different from the problem involved in the 
recurrence in each generation of five fingers upon a hand, or the 
regulatory development of a definite and characteristic number of 
tentacles in a piece of an actinian body ? The farther we pro- 
ceed in our physiological analysis of developmental phenomena, 
the more evident does it become that the finger and the tentacle 
do not persist as distinct and definite entities during all the period 
when they are not present as visible structures. The only thing 
which persists is the physiological capacity to react in a certain 
way under certain conditions, and when these conditions arise the 
characteristic structure-complex app>ears. 

In short, when we consider the chromosome problem from a 
physiological instead of a purely morphological point of view, and 
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we must consider it in this way sooner or later, we can find no 
good reason for regarding it as fundamentally different from many 
other problems of ontogeny. Physiologically it is no more diffi- 
cult to conceive that a piece of a nucleus should, under certain 
conditions, give rise to the characteristic number of chromosomes, 
than that a piece of the actinian body should give rise to the 
characteristic number of tentacles. The correctness of the 
chromosome hypothesis is far from being demonstrated, and in 
view of this fact we must consider the possibility of revising the 
hypothesis to fit the facts, as well as that of bringing the facts 
nto accord with the hypothesis. 

Hull Zoological Laboratory, 
University of Chicago, 
December, 1909. 



THE MANIFESTATION OF THE FLIGHT-FUNCTION 
IN THE SILKWORM (BOMBYX MORI). 

ISABEL Mccracken. 

The activities of the adult silkworm moth {Bombyx ttiort) arc 
normally confined to those connected with the reproductive re- 
flexes, mating and ovipositing.^ The moth issues from its cocoon 
sexually mature and lives in a perfectly functional condition for 
several days without taking food and scarcely wandering from its 
birthplace. Its thoroughly domesticated condition and asso- 
ciated habits call for the exerdse of but few of the usual insect 
instincts. In particular, searching for food and for mates having 
been dispensed with, the flight-function is a useless function and 
rarely manifest. 

In general appearance, the newly emerged moth is a perfectly 
formed insect A close inspection, however, shows vestigial 
mouth-parts, the uking of food having thereby become an im- 
possibility. Otheru-ise, the various anatomical features are normal. 
The wings, particularly, are of perfect form and under perfect 
control so that the exercise of the flight-function is a possibility, 
though as stated the insects are rarely observed to fly. 

** The presence of an organ," says Folsom,' '* normally implies 
ability to use it. The newly bom butterfly needs no practice 
preliminary to flight." The silkworm appears, from general 
observations, to be an exception to this rule. At any rate the 
non-flight habit has seemingly become fixed, absolutely so in the 
case of the female, but in the case of the male with exceptions 
and under special conditions to be herein noted. 

This non-flight habit is such a common observation among 
silkworm breeders that investigators have made use of the wing 
of the silkworm moth to study indications of its structural dcgen- 

' K el !(>(;;{;« ** Some Sjlkwcnm Moth Rcflcsc*/* Bioi, Uiii., V., pp. 153-154. 
M(<'railrt)« "The K(;gU\ing Apparatu* in the Siilwonn «» a Keflex App«nilu%," 
Jiitr of Com/'. XeMr. and /\ythi.! , XVM., pp. 262-285, lfA>7. 

' Fo!«>m, ♦* Enlomolmiy," p. 357. 
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eradon on the basis of its being " functionally degenerate/'^ and 
psychologists allude to the non-flight habit as indicating a loss 
of the " flying instinct." ' 

Especial interest therefore attaches to the fact that this appa- 
rently useless organ persists in a perfect form and under perfect 
muscular control. 

Though slightly variable in the character of its venation, as 
pointed out by Kellogg and Bell, we do not know that the veins 
vary more than in the wings of moths of other species, and in com- 
paring the wings of a long series of " non-fliers ** with those of 
** fliers " I find no structural diflerences between the two lots. The 
wings appear, however, to be fundamentally non-useful, since 
both effectual mating and eflectual ovi(>ositing, the only adult 
activities, can be successfully accomplished without them. The 
de-winged silk-worm moth exhibits no inconvenience in these 
respects. Mayer-Soule * found that in certain species males de- 
prived of wings met with greater resistance from females when 
the females were deprived of sight. The female silkworm moth, 
however, exercises no selection between the normal and de-winged 
male, nor does the male between normal and de-winged female. 

Although the wings are normally not used in flight, as pointed 
out, they are habitually fluttered preliminary to mating. This 
fluttering of the wings may eflect a circulation of the air in the 
neighborhood of the moths so that the presence of the female 
with extended scent glands is more readily discerned by the 
male. However, the natural proximity of males and females 
under the usual conditions of silkworm breeding renders this use 
of but little importance. 

The wings are also made use of in the "turning reflex." A 
moth placed upon its back instantaneously rights itself by 
bringing the forewings quickly together and thus exerting a 
pressure upon the surface. This procedure follows in the decapi- 
tated as well as in the normal moth, and though one rarely neces- 
sary under usual conditions it shows the perfect muscular and 
nervous control under which the wings are held. 

* Kellogg and Bell, *' Inheritance in Silkworms,** I., Stanford Univ. Pub., No. 
I, 1908. 

*Oppenhcinj, *• Mentel Growth and Control," 1902, p. 99. 

• Mayer-Soule, *' Some Reactions of Caterpillars and Moths," Jo/tr, Exper, Zodi.^ 
Vol. III., 1900. 
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Since, therefore, the wings arc present and are under perfect 
muscular and nervous control, what is apparently missing in the 
normal moth is the flight " instinct.'* or the dis(>osition to set in 
motion those reflexes that make for flight. 

A study of the habits of the male silkworm moth has been 
made, therefore, with special reference to the flight function and 
some interesting suggestive conditions have been observed. 

As previously stated, the mating instinct is strong in the young 
male. It is at once aroused if a female is near and the numerous 
reflexes that effect mating are initiated. Upon leaving its cocoon, 
under ordinary conditions, the male seeks the near-by female. 
After several hours in copula separation takes place. The female 
then begins to oviposit, and the male seeks another female and 
thus passes from female to female throughout the few days of its 
existence. Thus we may say that the mating instinct once 
aroused is the dominating and controlling instinct In the ab- 
sence of the female the male behaves somewhat differently. If 
a young male moth is isolated in a closed box and in a room 
with no females present, it remains for several days in a perfectly 
passive condition, scarcely moving. On the fourth or fifth day 
the moth begins to flutter wildly about within the box, and upon 
removal of the cover soars into the air, circling about and sus- 
taining itself upon the wing for from thirty seconds to several 
minutes. It comes to rest seemingly from fatigue and may, after 
a few seconds, during which the wings are vigorously fluttering, 
again take flight for a few minutes finally coming to rest again to 
remain wherever chance may find it until death ensues. 

Having by chance observed this behavior in several male 
moths, I selected, at the height of the breeding season, a large 
number of males as they issued from their cocoons and placed 
them in a large well-lighted room by themselves, some individu- 
ally within closed boxes and others exposed each by itself on a 
small tray. In many cases the moth remained perfectly quiet 
for several days, then wandered about with a fluttering of the 
win^s, finally coming to rest and remaining in a quiet condition 
until death. By far the greater number, about seventy-five out 
of one hundred, behaved as in the cases previously noted. They 
fluttered about vigorously on the fourth to the eighth days and 
then soared upward. 
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Thus it was ascertained that many male moths were not 
powerless with respect to flight. The moth has not *' forgotten *' 
how to fly. It would appear, however, that, during the first 
few days of the life of the moth the flight reflexes are under 
inhibition and remain so during the exercise of the mating 
reflexes. Restrained from mating, however, as has been demon- 
strated, the flight instinct asserts itself, and the flight reflexes are 
'Met loose'* as it were. Neither natural selection, which by 
carrying a ** flier ** far from a mate, and thus leaving it without 
offspring, nor the discontinuance of the need for flight have 
served to eradicate the possibility of exercising the flight function. 

As stated, the moths thus far experimented with were deprived 
of mates. Later, a large series of moths was isolated after 
mating had taken place. They were first allowed to mate 
normally. When they had voluntarily left the female they were 
isolated as before. The result was the same. When first 
isolated they were quiet. After several days had elapsed a large 
percentage entered into the ** fluttering " condition and flight 
ensued. 

During the very beginning of the " fluttering '* condition if a 
female is brought near, the male is attracted to her and mating 
takes place. If, however, the fluttering condition is well under 
way the male pays no attention to the female but flutters past 
her or over her, it may be, and finally takes to wing. 

It would seem, therefore, from the foregoing observations that 
the flight reflex is, at the time the insect leaves its cocoon, part 
of the moth's sum-total of inheritance but is merely under 
inhibition. 

The mating instinct is, however, exercisable at once, that is, 
is immediately dominant. A sufficiently long inhibition of the 
mating instinct appears, in a large number of individuals, to aug- 
ment the flight reflex. Furthermore, with the flight reflex 
released, the mating reflexes are, for the time being, inhibited, or 
at least manifestation of the flight reflex takes place only during 
suspension of the activities of the mating instinct, and during the 
manifestation of the mating activity, cannot be aroused. 

This manifestation is wholly, however, without purpose, is 
purely non-adapted. It is a manifestation apparently of what 
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Wheeler refers to as *• latent heredity." * ** The vestigial instinc- 
tive action," says Wheeler, '* presents itself as an act of racial or 
phyletic recollection and must, like the representations of indi* 
vidual memory, depend on psychological dispositions abiding in 
latency, just as the visibly morphological characters of the adult 
organism arise from the visibly physiological dispositions in the 
germ plasm. These dispositions must be inherited with great 
tenacity and persistency, since vestiges, both instinctive and 
structural, often remain latent for generations and then suddenly 
manifest themselves under stress of extraordinary stimuli." 

In the case at hand, the "extraordinary stimuli," whatever 
these may be, that produce the manifestation are not external. 
The movement has every appearance of being " spontaneous," 
the release of '* internal energy." The behavior here noted is 
strikingly parallel to that noted by Jennings with reference to 
lower organisms. *• Often, perhaps usually in lower organisms," 
observes Jennings, •* movement in a certain direction is due only 
to the release of inhibition. The organism moves in a given 
direction because it is moving from internal impulse, and because 
movement in this direction is not prevented." * Jennings observes, 
further, that *' the behavior of the lower organism at any moment 
depends upon its physiological state at that moment." 

Flight in the silkworm, manifesting itself as it does, without 
external stimulus and when the activities of the mating reflexes 
are suspended, is apparently a spontaneous movement dependent 
conceivably upon the physiological condition of the insect for the 
time being, and involves the awakening of a latent instinct. 

In the presence of the female, the whole attention of the insect 
is monopolized for the time being with the impetus to mate. 
This •* state " supercedes every other possible state and prompts 
or guides the insect to one line of conduct only. The action 
which is the normal consequent of this state is matin{; ; all other 
pK)ssible actions are suppressed, and under normal conditions, as 
stated, habitually suppressed. The manifestation of the flight 
function under these experimental conditions shows that, though 

* Wheeirr, ** Vc*»iigtal In%liutl» in In««(t«aDd other Animil*,'* Amrr, Ji*mr, of 
/';j.A<*/., Vol. XIX., pp. I-I3. 
•JenniDK*. •• B«hAvtor of 1>owct Organiim*,*' j*. 384. 
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this function is a part of the sum total of inheritance, the over- 
whelming development of the one instinct, that of mating, serves 
habitually to inhibit its activity. On the other hand, something 
has preserved both the wing structure and the flight function in 
spite of persistent non-use and natural selection, and although 
these have no relation to the preservation of the race in its present- 
day activities. 

In the general conception of ** instinct,*' its failure means 
extinction of the species.^ In the case at hand, on the contrary 
its manifestation would mean extinction of the species. Its 
failure of manifestation is associated with the present-day life of 
the insect. Its manifestation under conditions herein observed 
attests the persistence in heredity of an ancestral function long 
after it has lost everything of a purposeful nature. 

Laboratory of Entomology and Bionomics, 
Stanford University, California. 

'Jordan and Kellogg, *< Evolution and Animal Life," p. 430. 



A MATHEMATICAL TREATMENT OF SOME 
BIOLOGICAL PROBLEMS. 

SIUNKISHI HATAI. 
Ass«:iATE IN Neurology, The Wistar Institute of Anatomy. 

Dr. King's work ('07, '09), ** On Studies on Sex-determination 
in Amphibians/' suggests an interesting problem which may be 
put in the following form : 

A jar contains a large number of male and female tadpoles, the 
proportion of each being unknown : if on picking out m + n tad- 
poles, m are found to be males and n females, to find the prob- 
ability that the ratio of the number of either sex to the entire lot 
lies between given limits. 

It will be seen that problems of this nature occur frequently 
in biological investigations and that it is of importance to have 
some method for determining the accuracy of the observed pro- 
portions. This can be done by means of the formula given below. 
As the development of the formula is somewhat complicated I 
shall present the entire process of the mathematical treatment of 
the solutions based on the theorem of Bayes, together with one 
application. Although such an elementary exposition of the sub- 
ject will be superfluous for one who is familiar with the theory of 
probabilities nevertheless for others it may be helpful. 

If fi denote the probability that an event will happen, then 
( I — /) is the probability that the event will fail. If the proba- 
bility that the event will fail on any single trial is (i — /). the 
probability that it will fail every time is (i —/>)*. The proba- 
bility that it will hapi>en on the first trial and fail on the succeed- 
ing n — I trial is />(i —/>)"'. But the event is just as likely to 
hapfien on the second, third, etc., trials as on the first. Hence 
the probability that the event will hapjKn just once in the n 
trials is 

Continuing this {)roccss, we can easily sec that the probability 
that it will happen /// limes in w + n trials is 
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From (i) we can obtain directly the probability that exactly m 
males and n females occur in m + n drawings and the expression 
will be 

/=1--T=;f(i ^xy (2) 

where x denotes males and (i — jr) females. 
If we call the right hand member of (2) 7, then 

J ssicx^(i — xy 

and this equation represents a curve with a zero ordinate when 
;r =s o and ;r = i. Since the elementary area under the curve is 

\fn + n 

"^^^ =- x'^Ci — xYdx, 
fftn ^ ' 

the number of cases which occur between the two limits {a, b) is 
proportional to the sum of the differentials taken from a to b^ or 






Also the totality of cases will be proportional to the sum of the 
differentials taken from o to i, or 



m -f 
;;/ 



n i n^-^rdx. 



Hence the probability that the ratio of the males in the jar to 
the entire lot lies between the two limits is 

I x^{ I — xydx 
/>=^, (3) 

I xr{ I — xydx 

This is the well-known theorem of Bayes.' This equation as it 

' Sec Todhuntcr*s •* History of the Theory of Probability from the Time of Pascal 
to that of l^place," 1865. 
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Stands is applicable to cases where the nuariber of observations 
is small. For cases where the number of observations is large 
we must modify this still further. 

If we suppose the two limits to be w'j ± tf where j » w -f- «, 
then equation (3) may be written in the following form : 

;r"(i — xydx 

By successive integration by parts the denominator is evaluated, 
giving 

If we let X » m/s -f s the numerator becomes 



X. (7--)"(:-')"''- 



which is approximately 






With the above transformation the formula becomes 






(5) 



Now if we apply Stirling's formula for large numbers (4) 
becomes 

( 

mn 



> + !)!_ i- I i^ 
mini w*/i" ^ 2" w 



Therefore (5) may be written in the following form : 



-J ^ r 

S 2rmn J.0 
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If we assume 
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2mn 
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and substitute (o for 



1^ 

\2tnn 



2tnn 
then as a final form we have 



'■-kS' •-"'"■ 



Since the above expression is a well-known equation for the 
probability integral, the degree of probability for any given limits 
may be determined from the table. For computation we have 
the following relation : 



a \ ^ a \2mn 

\ 2mn S ^ 



and / = f (fi>). 

* As will be seen from the above relations, the degree of prob- 
ability is proportional to the amount of deviation. Therefore in 
any given case we can either increase or decrease the value of 
probability by changing the value of the deviation. Thus in 
order to facilitate a comparison of several sets of data, it would 
be advantageous to fix the value of the probability and then 
determine the corresponding amount of the deviation. If we take 
0.75 for the value of the probability, it will be certainly high 
enough for practical purposes. If we adopt this system, then the 
corresponding value of w is fixed and is equal to 0.814. Thus 
we do not even need to use the table to determine the amount of 
deviation. If however one wishes to find any other value of the 
probability than I have proposed (/. ^., 0.75), such can be readily 
obtained from the table. Thus the determination of the deviation 
can be made by a simple arithmetical process. 

The following will illustrate a method of determination. Dr. 
King has kindly supplied the data for this purpose and I wish to 
thank her for that material. 

Example : Out of 16,100 tadpoles, 9,949 are examined. 5,136 
are found to be females and 4,813 males. Find the probability 
that the ratio of females to the entire lot lies between given limits. 
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Wc have 

0^10 ^^"^ P - f(«') - 0.75. 

Since we adopted the fixed value for probability (0.75) the 
value of w is also fixed and equal to 0.814. Thus our problem 
is therefore to find a value of d when the value of/ is known. 



/? — 0.814 I 



2 X 4.813 X 5.136 o _ 

•^ ^ ^ ■■ 0.814 X 0.00709 ■■ 0.0058. 

99.493 



Deviation ■■ 16,100 x 0.0058 ■■ it 93. 

Total number of females ■■ 16, 100 x 5.136/9.949 ■■ 8,311 

^93. 

With this value of probability we conclude that the total 

number of females in the entire lot is neither greater than 8,404 

nor less than 8,218. 



TEMPERATURE AS A FACTOR IN THE DETER- 
MINATION OF SEX IN AMPHIBIANS. 

HELEN DEAN KING, 
Assistant in Anatomy at the Wistar Institute. 

In 1905, Hertwig ( i) published the results of a series of experi- 
ments on the eggs of Rana temporaria and of Rana esculenfa 
which showed, according to his interpretation, that temperature is 
a sex-determining factor in amphibians : a high temperature 
favoring the development of females ; a low temperature causing 
the production of relatively more males. This conclusion is in 
accord with the results of Issakowitsch's (2) earlier experiments 
on sex-determination in Daphnia ; but it is opposed by the results 
of Maupas' (7) experiments on Hydatina senta and by those of 
von Malsen (6) on Dinophilus apatris. The latter experiments 
seemed to indicate that heat leads to the development of males 
and that cold tends to the production of females. Maupas and 
Hertwig believe that temperature acts directly on the sex-cells : 
Issakowitsch and von Malsen, on the other hand, maintain that 
nutrition is the dominant factor in sex-determination, temperature 
acting only indirectly through its influence on the processes of 
assimilation in the parent organism. 

In the spring of 1907, I made a series of temperature experi- 
ments on the eggs of the toad, Bufo Icntiginosus, which were 
carried out in a manner similar to those made by Hertwig on the 
eggs of Rana, Various lots of fertilized eggs were placed in 
tanks in which the water was kept at a nearly constant tempera- 
ture until the tadpoles underwent metamorphosis (King, 5). In 
Bufo as in Rana, the sexes cannot be distinguished until the end 
of metamorphosis unless the gonads are sectioned. It is con- 
ceivable, therefore, that sex in these forms may not be determined 
until a relatively late period and that temperature, acting during 
the entire growth period of the tadpoles, might alter the normal 
sex-ratio. Two series of experiments were made with eggs from 
different females. In one series (lot A) 62.5 per cent, of the in- 
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dividuals in which sex was ascertained were females, although 
one half of the eggs had developed in water which had a tem- 
perature of 22-30° C. while the other half of the eggs had been 
kept at a temperature of 14-18° C In the second series (lot B), 
the eggs were subjected to conditions similar to those under 
which the eggs of lot A had developed. Only 33.97 per cent, 
of females was obtained in this series, and more females were 
found among the individuals which had developed at a tempera- 
ture of 14-18° C. than among those which had been kept at the 
higher temperature. The results of these experiments, therefore, 
do not support Hertwig's contention, and they seem to indicate 
that temperature, acting during the development of the tadpoles, 
does not determine sex in Bufo, 

In the series of experiments described above the eggs belong- 
ing to lot A were fertilized in water which had a temperature of 
16-18° C. ; the eggs used for lot B, on the other hand, were ferti- 
lized in water which had a temperature of only 11-13° C. The 
results obtained in the experiments suggested the idea that tem- 
perature, acting at the time that the eggs were fertilized, might 
determine sex. This suggestion was tested in the spring of 1908 
in the following way : a pair of toads were placed in water which 
was kept at a temperature of 26° C. until the eggs had been 
deposited and fertilized ; the eggs from a second female were laid 
and normally fertilized in water which had a temperature of 9° C. 
There was thus a difference of 17° C in the temperature of the 
water in which these two sets of eggs were fertilized. In each 
series as many individuals as |>ossible were carried through to 
metamorphosis and their sex ascertained. The results obtained 
in these cx{)eriments are summarized in the following table. 







Table I. 






1 rmjn \jk\'\i* 


K\' 1 it>«fii( 1 


M*ir% 


\ rtT)iilr% 


i fill kit % 


2ty^ C. 
9** C. 


2.178 
2.cKj 


1,181 


1.225 
902 


56.14 



The average proportion of females among young toads that 
have recently completed their metamoq>ho.sis is 51.62 j>er cent,, 
jud|^ing from the numl>cr of females found among the 9.949 
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individuals whose sex I have ascertained during the course of the 
experiments which I have made to study the problem of sex- 
determination in this form. No very definite conclusions can be 
drawn from the results of the experiments summarized in Table I. 
The percentage of females obtained from the lot of eggs that was 
fertilized at a temperature of 26° C, although higher than the 
probable average for the species, is still within the limits of pos- 
sible normal variation in the proportion of females developing 
from eggs laid by different individuals. A relatively low per- 
centage of females developed from the lot of eggs that was 
fertilized at 9° C, yet this percentage is about the same as that 
obtained in one of the series of experiments made to ascertain 
the influence of nutrition on the determination of sex in Bufo 
(King, 4). It may be possible to explain the results obtained in 
this last series of experiments, as well as those of the first series 
of temperature experiments briefly described above, as due to 
the fact that occasionally a batch of eggs gives an unusually 
low or an unusually high percentage of females and that by chance 
such exceptional lots of eggs were used for these experiments. 

As this last series of experiments was carried out it is open 
to serious criticism. The eggs that were fertilized in warm water 
were laid by one female, while those that were fertilized in the 
cold water were laid by another individual. This gives an op- 
portunity for the results to be influenced by possible normal 
variations in the sex-ratios of different lots of eggs. The two sets 
of eggs were fertilized by sperm from different males also and, as 
Morgan (8) has pointed out, there is the possibility that the male 
is responsible for the determination of sex in amphibians. 

In order to avoid all obvious sources of error and, if possible, 
to obtain results that would give definite conclusions, another 
series of experiments was made this past spring with the eggs of 
Bufo, On April 7, 1909, a female which had just begun to lay 
was killed by pithing and the eggs removed to a dish of fresh 
water. Lots of about 350 eggs each were artificially fertilized 
in water which was kept at given temperatures (35° C, 30° C, 
20^ C, 10° C, 5° C.)fortwenty minutes and then allowed to come 
gradually to the room temperature (18° C). In all cases sperm 
from the same male was used. The extreme temperatures at 
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which lots of eggs were fertilized were 35*^ C. and 5** C. It is 
highly improbable that in a state of nature the eggs of Bufo arc 
ever fertilized at these temperatures which are very injurious to 
the unsegmented egg, although they do not seriously interfere 
with the development of segmented eggs unless allowed to act 
for a comparatively long period of time (King, 3). Not more 
than one half of the eggs subjected to extreme temperatures 
were fertilized. Segmentation of these eggs did not begin until 
some three hours after the experiments were started, and in a 
majority of cases the cleavage planes came in very irregularly. 
A considerable number of eggs that began segmentation died 
within a few hours, so that but a very small number of individuals 
continued their development. After the eggs in these lots had 
reached the gastrulation stage they had apparently outlived the 
injurious effects of extreme temperature, as only three of the 
tadpoles that developed from the eggs that were fertilized in 
water with a temperature of 35° C. and but two from those that 
were fertilized at 5° C. died before it was possible to ascertain 
their sex. The great majority of eggs that were fertilized at 
medium temperatures. 30° C, 20® C. and 10*^ C, segmented 
normally and continued their development. The mortality in 
these lots was very low, not more than 6-8 per cent, of the 
individuals dying before it was possible to ascertain their sex. 
The various lots of tadpoles received similar food and were all 
kept as nearly as possible under similar external conditions 
during their entire growth period. 

In this series of experiments, and also in several earlier ones, 
many of the tadpoles died after beginning their metamorphosis. 
In a considerable number of these individuals it was necessary 
to section the gonads in order that sex might be ascertained. 
The toads that survived metamorphosis were placed in large 
glass jars containing moist sod, and they were fed on small 
insects for several days. Young toads grow very rapidly, and 
by keeping them in the manner iiulicated for a sht>rt time it is 
possible to ascertain the se.x of practically every individual with- 
out resorting to the tedious process of prescr\'ing and sectioning 
the gonads. 

The results of this scries of ex|K*riments arc summarized in 
Table II. 
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Table II. 



Water 
Temperature. 


Number Sex 
Ascertained. 


35" C. 

30° c. 

20'' C. 

lo® C. 

5°C. 


90 

323 
214 

64 


Total 


888 



Males. 



Females. 



Per Cent. 
Females. 



42 
96 

108 

33 



436 



48 
102 
166 
106 

3' 
451 



53-33 
51.26 

51-39 
49.53 
48.43 



50.90 



With a difference of 30° C. in the temperature of the water in 
which the two lots of eggs at the extremes of the series were 
fertilized there is a difference of only 4.95 per cent, in the pro- 
portion of females that developed in these lots. This difference 
is so small that it is evident that temperature, acting at the time 
of the fertilization of the eggs, is not the dominant factor in the 
determination of sex in Bufo, 

In this series of experiments, with one exception, the propor- 
tion of females that was obtained in the different lots varied 
directly as the temperature at which the eggs were fertilized ; 
relatively fewer females developing as the temperature of the 
water was lowered. The decrease in the percentage of females 
was so slight in the various cases, however, that I do not think it 
can have much significance, particularly as there were so few indi- 
viduals in the lots at the extremes of the series. Had the number 
of individuals that metamorphosed been the same in every lot, 
practically the same sex-ratio would doubtless have been obtained 
for the entire series. 

For the purpose of comparison, and to show more conclusively 
than is shown by the results of the series of experiments sum- 
marized in Table II. that temperature, acting at the time of the 
fertilization of the egg, does not determine sex in Bnfo^ the 
results obtained in former experiments in which different batches 
of eggs were laid in water with a known temperature are brought 

together in Table III. 

Table III. 



Water 
Temperature. 



Number Sex 
Ascertained. 



Males. 



26«C. 

16-18° C. 

Ii-i3*» C. 

9^C. 



2,178 
232 
156 

2,083 



953 

87 
103 

1,181 



Females. 

1,125 

145 

53 
902 



Per Cent. 
Female*. 



56.24 
62.50 

33.97 
43.30 
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A comparison of the figures given in Table II. with those of 
Table III. shows that there is not the uniformity in the results of 
these various series of experiments that one would expect to find 
if temperature alone determined sex at the time of the fertilization 
of the egg. A lot of eggs that was fertilized at a temperature of 
26° C. gave a higher percentage of females than was obtained 
from a lot that was fertilized at a temperature of 35^ C, while 
the highest percentage of females obtained as yet in any experi- 
ment (62.5 per cent.) was found in a lot of individuals that de- 
veloped from eggs that were fertilized at a temperature of t6- 
iS*' C. Of the various series of eggs that were fertilized in cold 
water, those that were fertilized at 9^ C. gave a much lower 
percentage of females than did other lots that were fertilized at 
10® C. or at 5® C. Although these results show very conclu- 
sively that temperature, acting at the time of the fertilization 01 
the egg, is not the dominant factor in the determination of sex 
in Bufo^ they do not exclude the possibility that temperature may 
have an indirect action on the determination of sex in this form. 
In every series of experiments lots of eggs that were fertilized at 
a temperature of 13** C. or below have given a lower percentage 
of females than has been obtained in the individuals developing 
from lots of eggs that were fertilized at higher temperatures. It 
is conceivable that a low temperature might act more injuriously 
on the female-producing spermatozoa than on those that are 
male-producing, if it be that there is a dimorphism in the sperma- 
tozoa of Bufo and that the male determines sex. This would, 
of course, greatly increase the chances that an egg laid in cold 
water would be fertilized by a male-producing spermatozoon. 
If, on the other hand, sex is determined in the egg, it is possible 
that the sex-determining mechanism is so evenly adjusted that 
temperature, under certain conditions, may turn the scale in one 
direction or the other. 
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DIFFERENTIATION IN HYDROID COLONIES. 

II. AGLAOPHENIA. 

H. B. TORREY. 

In a former paper * I called attention to the fact that many 
species of hydroids change their structural type with age, that is, 
in the direction of their growth. •* Stems straight proximally 
may become sinuous distally. Branches which alternate during 
the early stages of colonial development may later originate in 
pairs. Length and annulation of hydrothecal pedicels, size, pro- 
portions and ornamentation of hydrothecse may similarly vary 
with the distance from the base of stem or branch." An attempt 
to analyze the problems in differentiation suggested by these facts 
was begun, upon a species of campanularian peculiarly well 
adapted for experimentation. The results reached favored the 
view that the progressive changes in the differentiation of the indi- 
viduals of a colony are not dependent upon changes of external 
conditions, but upon changes of internal conditions ; and that 
these changes are of a physiological character, and do not lead to 
a conception of morphological determinants ox residual germ plasm. 

The bearing of the facts upon the problem of senescence was 
also suggested. For, on the stem of such a hydroid as Cam- 
panularia — with a cymose type of budding — the individuals 
appear as successive generations, forming, at the same time, parts 
of the whole colony. Accordingly, a comparison of any two 
individuals might be expected to show a difference in their struc- 
ture corres|)onding in some degree to a period of physiological 
change in the colony equal to their difference in age. 

Since the publication of these results, several important papers 
have appeared expressing radically different views on the relation 
of natural death and development. Minot {Pop. Se. Mo.^ Nov., 
I907, p. 472) holds that as cells differentiate they lose something 
of their ca|)adty to live. Ltycb {/yi//ger' s Arch,, 124. 1908, p. 
411), after stating this conclusion in chemical terms as ft)llow5 : 

H'tiiir. *'al. F*ubl., ZoMo^'v, 2, p. 323. 

I3S 
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that the chemical causes of death are identical with the chemical 
processes that lie at the basis of development itself, differs with it 
radically. He asserts, as a result of experiments with the tggs 
of sea urchins, that natural death and development are determined 
by chemical processes that have absolutely nothing to do with 
each other. 

My own investigations, impeded, among other causes, by 
scarcity of material, have not yet reached a definite conclusion in 
this direction, although the results so far obtained are not incon- 
sistent with the results of Loeb's brilliant experiments. Mean- 
while, the facts as they appear in seven species of Aglaophenia^ 
may be of some service to experimenters interested in the general 
problem. 

As is very well known, a typical colony of the plumularian 
hydroid Aglaoplunia closely resembles a feather, of which the 
shaft is represented by the stem and the vanes by two ranks of 
alternating branchlets, or hydrocladia, corresponding to barbs. 
Each hydrocladium is divided by more or less definite nodes 
into internodes and bears on one aspect — the same in all hydro- 
cladia — a compact series of hydranths, one to each internode, 
with tooth-rimmed hydrothecae. Associated with each hydro- 
theca are three tubular nematophores, a pair laterally placed, to 
the rear, and one in front in the median line (mesial). 

Inspecting such a colony for signs of the dififerentiation con- 
nected so clearly with age in C, bakeri^ one would naturally 
look for differences associated, first, with the growth of the colony 
as a whole, second, with the growth of individual hydrocladia. 
The former might be determined by a comparison of correspond- 
ing internodes of different hydrocladia, the latter by a comparison 
of successive internodes of the same hydrocladium. 

In both cases, this procedure has established a correlation 
between differentiation and growth.' Since the picture of the 
correlation is not equally clear and elaborate in all species 
studied, I will describe it first for one of the most satisfactory in 
these respects, namely, A. octocarpa, 

* Loc. cit. 

•Sec Pearl, Publ. Carnegie Inst. 58, 1907, and, more recently, Ritter, Univ. Cal. 
Publ. 2^1.. 6, 1909, p. 64. 
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It should be understood, in examining all the tables*and figures 
which follow in this paper, that they make no pretense to be 
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Statistically thorough. They are rather illustrative . of certain 
facts of differentiation that do exist and are capable of experi- 
mental analysis. 

A. octocarpa, — A glance at the accompanying camera draw- 
ings (Fig. i) will acquaint one with the main differentiating 
characters on which the present study is based. The four series 
of figures represent hydrothecae from four hydrocladia. That 
they might be representative of the colony, the latter were 
selected at various levels on the right of the stem, being nos. 8, 
25, 41 and 56, in a series of 64,* and care was taken that they 
should be the longest obtainable and, if possible, not damaged 
at their distal ends. Similarly, the hydrothecae, drawn in pro- 
file, were chosen as representative of the whole hydrocladium» 
being nos. I, 2, 8, usually 12, and the terminal two. 

In the condensed picture of the conditions throughout the 
colony thus obtained, certain facts stand out prominently : 

1. Each hydrocladium tapers from base to tip.* 

2. On each hydrocladium, hydrotheca no. i is noticeably 
smaller than the others, and the mesial nematophore associated 
with it is especially short. 

3. From base to tip, the openings of the hydrothecae become 
less oblique to the axis of the hydrocladium. This obliqueness 
may be shown numerically by measuring the angle made with the 
axis of the internode by a line drawn tangent to the depressions 
between the first and second, and the third and fourth, lateral 
marginal teeth on each hydrotheca (12, HcL 8^ Fig. i). Two 
series of measurements from different colonies are shown in 
Tables I. and II. 

4. The mesial nematophore reaches its greatest prominence 
toward the middle of the latter and then declines to the tip. This 
fact is numerically expressed in Table III., which shows the 
profile width of each hydrotheca to the point of the mesial 
nematophore on a line perpendicular to the axis of the internode 
(see Fig. i, hydrocL <?, /////. <?). 

* The tip of the colony was wanting. 

* This, as shown by repeated observations, is independent of the thickening of the 
perisarc with age. For convenience, neither such thickenings of the walls nor the 
septal and intrathecal ridges characteristic of the species have been drawn, except in 
12, Hcl. 2jt where the intrathecal ridge is shown. 
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Table 


I. 








Measurements 


in l>egrees of Angle. 






HydrtM lacbum. 


1 


H 


ydrothcca. 








I 1 a 8 


13 


»3 M 


M 


tt} 


8 
56 


114 110.3 ' 108.2 
103.8 99.3 , 108 
115.2 109 105 

116.2 116.5 >o5.5 


103 

102.8 


96 

99 9«.2 


108 


too 
99 



»7 



96 



Table II. 



Hy<lrii Lulium. 



1 

40 

85 



H\ (Irnihf^i a 



II 



122 111.5 101,5 89.7 

99.7 111.8 101. 5 100 
111.3 II 1.2 103.7 100.5 



( 12 hvdrolhtt.*- pre*eni ) 

(14 ' •• ** ) 

(13 *• ** ) 



H) (1t..« Udmm. 












1 


1 


8 


ij 


8 


24 


305 


32 


27 


25 


25 


32 


34 


3> 


41 


23.5 


30 


33.5 




56 


25.5 


30.5 


30.5 





Table III. 

Mra*urcment«k in mrn. X 95* 

H\ ilr<ith«« J. 

25.5 

30.5 27 



M 



tf* 



«7 



2<).5 27.5 
3>5 29 



The facts formulated above concern the differentiation of inter- 
nodes of single hydrocladia from various regions of the colony. 
On further examination, Tables I. and III. suggest that the 
character under consideration tends to decline from its maximum 
less rapidly on hydrocladia in the middle region of the colony 
than on hydrocladia either proximal or distal to them. This 
suggestion that the colony may have a typical form, exhibiting a 
differentiation from base to tip, analogous to what is so familiar in 
the leaves of plants, is supported by series of measurements at 
the tips of several colonies. One such series is presented in 
Table I\'., in which are given both the length of each theca, 
through the un|)aired or mesial tooth (up{>er figures^, and the 
width of the theca through the tip of the mesial nematophorc 
(lower figures in italics), as in Table III. 
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Table IV. 

Measurements Id mm. X 95' 



Hydrocladium. 

3 (from tip) 
4 



Hydrothcca. 



it it 
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lO 

'3 
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(( (i 



tt it 



1 i ' 
I a.314 56789 


10 II la 13 14 15 16 ' 17 


- 36.5.38 '38 

^7 3^ 3^ 3^ 










1 






- 37 ,37.5 37 37 
33 34^33 3' 

■ 






1 

1 


1 












- 37 - ,38.5 38.5 38 38j-'38 

- 33 3^ 35 3534 33 


36 


1 










- - '37 1 - 38 
34 ^35 

I 1 


-38-- 

- 35 


38.5 - 38 38 1 

S5 ^3^-5 ^8 








32 35.538 38 

25^34 35 35 


38.5 

34 


, 


37 

35 


-38 

—^JS 


38 '38 I38 137.538.53738 
35 34-5 34-5 34-5 34 3330J 





It will be seen that, as the tip of the colony is approached, not 
only do the hydrocladia possess fewer and fewer hydrothecae, but 
the dimension of the latter through the mesial nematophore 
reaches its minimum more and more rapidly. Since the hydro- 
thecae, once formed, do not enlarge with age, it is clear that for 
such colonies as this, there is a limit of growth and a specific 
form.^ 

A. plunia. — This species not only supports the statements 
made for A, octocarpa^ though somewhat less conspicuously, but 
presents another character (of no value in A, octocarpd) by which 
differentiation in the hydrocladia may be determined, namely, the 
length of the hydrotheca through the mesial tooth. Fig. 2 
presents graphically, in concentrated form, the characters of a 
single colony so far as they concern the discussion. The measure- 
ments taken from the drawings are represented in the accompany- 
ing tables. It should be said, in this connection, that these 
measurements are subject to a certain amount of correction, 
owing to the great difficulty experienced at times in obtaining 
true profiles of the hydrothecae. In hydrocladium no. 25, for 
instance, the hydrothecae have suffered a degree of rotation 
which could not be rectified by the means at my disposal. The 
application of pressure sometimes suffices, but is very liable to 
produce more serious distortions. Fortunately, the errors which 

^According to Table IV., the length of the bydrothecse does not appear to be a 
significant dimension in A. octocarpa. 
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thus appear to be unavoidable, do not disturb in any essential 
respect the conclusions based on the measurements. 

Differentiation within the several hydrocladia will first be 
considered. 

In Table V., appear the measurements of the length of the 
mesial nematophore along a line perpendicular to the axis of the 
internode (upper figures) and the width of the hydrotheca to 
the tip of the nematophore along the same line (lower figures). 
The width of the hydrotheca along the line chosen varies, as 
shown by the table, independently of the length of the nemato- 
phore along the same line. Neither character is of much value 
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to the experimenter in this species, owing largely to the slight 
degree to which the nematophore projects, and the narrow range 
of its variation in length, in fractions of a millimeter, as compared 
with the fluctuations in width of the hydrothecae. There is no 
.doubt, however, that the nematophore tends to vary, as in A. 
octocarpa^ with the growth of the hydrocladium, its maximum 
length lying in the middle region of the latter. 











Table V. 












MeasaremenU in mm. 


>95 




H)dr<K l4<iium. 












H)ilrothr4 a. 


1 
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6 7 
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3 
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3.5 
24 


^4 23.5 


3.2 
245 
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«9.5 


4 
22.5 




3.5 
24 




4'y 
25 


4 3 
25 215 


1 



2.8 



The obliqueness of the openings of the hydrothccie is recorded 
in Table VI., in degrees of angular distance, as for -/. iKtihurf^a^ 
with this exception, that the line defining the obliqueness is 
drawn tangent to the depressions between the mesial and first 
lateral, and the third and fourth laterals (the margin having but 
nine teeth). This is a more stable standard, but could not be 
utilized in --/. Oilocarf^a, owing to the shajx: of the hydrotheca in 
that species. 

With slight irregularities, the chief among them being connected 
with the variability of hydrotheca no. I, the obli(juencss dimin- 
ishes toward the distal end of each hydrocladium. 
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Table VI. 














Measurements in Degrees of Angle. 


Hydro- 
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Hydrotheca. 
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120 




119 


HS^ bud 

t 


*3 


— 


125 




128.2 


123 
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133 'i3« ii2i.5 


121.5 


120.2 


ns \ I ' 




, 



The lengths of the hydrothecae, taken through the mesial 
tooth, are recorded in Table VII. There is a definite tendency 
to increase in length toward the distal end of%each hydrocladium, 
the longest hydrotheca, however, being subterminal. 
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Measurements in mm. X 95 • 
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In Table VIII., the widths of the hydrothecae previously used 
have been taken along the line defining the obliqueness of the 
opening of the hydrothecae. As the figures show, this character 
is too variable to be very useful to the experimeter. Neverthe- 
less, in common with the characters considered in the three tables 
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Table VIII. 








Measaremcnti in mm. X 95* 




Hydrocladium. 






Hydroiheca. 
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21 21^ 
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22 1 1 21.5 21 bod 
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»3 
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20.5 20.5 


1 1 

20.5 20.5 21.2 


^^v? 20.5 


5 


17.5 


20 20.2 




2> ' 


22 19.7 





just preceding, it aids in establishing the fact that colonics of A, 
pluma, like colonies of A, octocarpa, have a limited growth and a 
specific form, the hydrocladia, with respect to given characters, 
differing in different r^ons. To appreciate this fact, it is only 
necessary to note the position (i) of the maxima on the various 
hydrocladia in Tables V. (upper figures), VII. and VIIL, and 
(2) of the minima in Table VI., especially in connection with 
hydrocladia 5, 13, 21, 23 and 24. 

A, incotispicua} — This small species is represented most scantily 
in the collections of the University of California. No conclusions 
can be offered concerning the form of the colony as a whole, as 
observations on the tip of a mature colony are at present out of 
the question. From the drawings (Fig. 3) of the intemodes from 
two hydrocladia, however, and the measurements based upon 
them, Tables IX. and X., the si)ecies possesses admirable char- 
acters for experimental work, in the prominence of the mesial 
nematophore and the oblitjucncss of the hydrothecal oj)ening. 

These figures are typical, similar measurements from other 
hydrocladia and other colonics giving results that var>', within 
the hydrodadium, in no essential resfxrct from them. It may be 
said th«it the hydrotheca at the base of each hydrodadium is 
esjK'cially variable and often differs conspicuously from those 
distal to it in si/c, shafK, marginal dentation, and position on the 

'*I«)rTr\, l*iiiv. Tal I'uM , /.-iM., I, l*>OJ ; x.^iY., J. I<y04. 
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hydrocladium (owing to a slight rotation out of the plane of 
the other hydrothecae). Nothing sufficiently definite can be said 
about the length or thickness of the hydrothecae. There is a 
perceptible increase in size of the hydrothecae in HcL 21, toward 
the tip. It is much less in the other hydrocladium ; and meas- 



t>: 






f 




V 







Hcl 10 n^i 21 

Fig. 3. A, inconspicua^ X 45* 




urements of others show that it is not characteristic and typical, 
for either dimension. 

A, lophocarpa, — The few colonies of this species at hand are 
all imperfect, both as to stems and hydrocladia. HoA'ever, the 
hydrocladia taper from base to tip, the first hydrotheca on each 
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Table IX. 

Colony with 28 Hydrociadia, 

MemtnretoenU, in mm. X 95» of the profile width of each hjdrothecm in Fig.^j to 
the point of ( 1 ) the mesul oematopbore on a line pcrpendicnlar to the aaii of the 
internode (lower figures), and (a) the length of the mesial nematophoreoo the 
line (upper figures). 



HydmdadiaB. 
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26 
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28.5 


7.6 i 
29 




7.5 
27.5 








Table 


X. 











$ame colony, showing angles made with the aies of thdr intemodes by the planes 
of the hydrothecal openings, the latter being represented in each case by a line tangent 
to the depressions between lateral marginal teeth I and a, and 4 and 5 (see /M. /o, 
M, 8). 



HydnM.l*dium. 
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Hydroiheca. 
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125.5 


iai.3 
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114 


105 


at 


132.3 


130 




123.2 


121 





105.3 



is smaller than the others, and there is a distinct tendency toward 
a reduction of the obliqueness of the hydrothecal opening, from 
base to tip. The mesial nematophore, also, projects farther from 
the hydrotheca in the intermediate intemodes than at either 
extreme of the hydrociadia. 

A. siruthionides, — The obliqueness of the hydrothecal open- 
ings in each hydrocladium is practically constant in this spedes 
(Fig. 4). As in A, octocarpa, however, each hydrocladium tapers 
from base to tip, and the mesial nematophore is most prominent 
between the extremes. The prominence of the nematophore is, 
perhaps, of all the characters, most useful to the experimenter. 
The measurements in Table XI. show that the length of the 
nematophore along a line passing through its tip and perpendicu- 
lar to the axis of the internode, varies independently of the width 
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of the hydrotheca along the same line from the base of the 
nematophore (see Fig. 4, BHcl, htk.12). 





0Hcl 





l\ 






Fig. 4. A. strtahimides^ X 45 






^ 




Neither this nor the following species lends itself easily 
to a determination of colonial differentiation, as does A, pluma. 
Both are variable, often luxuriant growers. Colonies of A, 




/. 'a^phenui *!»., 
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Tart.f. 


XI. 
















Measurements in mm. 


X95. 
















Hydrotheca. 
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13 


a4 34 


HcL at base i. 

2. 

3. 


Base of nem. to tip 

Base of nem. to rear of theca 

Value of fraction 1-4-2 




5 

264 

.19 


II 

29.5 

.37 


9 

28.5 
.31 




** 114 


I. 
2. 

3. 








8.2 

27 
.30 


"3 
^8.7 

.39 


9.9 ' 
28.6 

.35 


** 177 


I. 
2. 

3. 








8.2 
24 
.34 


11.3 12 9.5 
27.8 30.7 32.3 
.40 1 .39 .29 



struthionides may exceed 23 cm. in length. Aglaophenia sp. has 
a particularly stringy, sprawling habit. The character is of no 
practical value in the present connection. 

Aglaophenia sp. — This species differs from A, strutltionides in 
no particulars essential to the present discussion. 




n 



10 




17 



26 




Fig. 6. A, die^ensis^ X 45* 



Table XII. 

Distance from tip of nematophore to rear of theca along perpendicular to axis of 
internode. Measurements in mm. X 95* 



Hydrocladium. 



«5 
56 

74 



24 

24.5 

25 



31 
30 

29.5 



34.5 

35.5 
34.5 



Hydrotheca. 
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33 



32 



3* 
40 

37.5 



16 



32 



17 



30 



Hydrocladium 74 is incomplete, hydrotheca 12 not being terminal. 
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A. dugensis, — Of all the species, this is the most irregular. It 
agrees in general, however, with A. octocarpa. The hydrocladia 
taper distalward ; the first hydrotheca is small and more or less 
irregular, with short mesial nematophore ; the mesial nemato- 
phore is most prominent between the extremes of the hydro- 
cladia ; and there is a slight lessening of the obliqueness ot 
the hydrothecal openings distalward. Fig. 6 is from a single 
hydrocladium. 

Zoological Laboratory, 

Univrrsity of Caufornia, 
November 30, 1909. 



Vo^. XVIII. March, igro. No. 4. 



BIOLOGICAL BULLETIN 



THE SEAT OF SMELL IN THE CRAYFISH. 

S. J. HOLMES AND E. S. HOMUTH. 

The location of the sense of smell in the Crustacea has been 
the subject of but few investigations. Putnam, Graber, Bateson, 
Dearborn, Spaulding and others have made observations on the 
reactions of various decapods to food at a distance from the body, 
although they were not primarily concerned in tracing the seat 
of the olfactory reactions. Herrick, working on the lobster, 
found that most parts of the body were sensitive to ammonia and 
clam juice. Experiments of Nagel * and Bethe ' indicate that, in 
the decapods, the first antennae have an important olfactory func- 
tion, although both these investigators regard the olfactory sense 
organs as not exclusively located in these appendages. Nagel 
worked with Pagurus^ Astacus and Carcinus, Removal of the 
antennules of Pagurus was followed by reactions to chemical 
stimuli, although these were not so pronounced as before the 
operation. Astacus in the presence of food was found to show 
lively movements of the antennules, followed by movements of 
the mouth parts and legs. Carcinus showed the same move- 
ments of the mouth parts and antennae in the presence of food, 
but it was only when food came into actual contact with the 
mouth parts that eflTorts were made to secure it. Nagel's experi- 
ments led him to conclude that sight and touch play a greater 
part in locating food than the sense of smell. 

Bethe found that if a piece of meat is thrown into a dish with 
several Carcinus there is no reaction at first. After several seconds 
the antennules begin to wave rapidly and the maxillipeds move 
slowly back and forth. The animals nearest the piece of meat 

1 Bibliotheca Zoologica, Bd. i8, 1894. 
^ Archiv f^mik. Anat,^ Bd. 50, 1 897. 
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give this reaction first. The farther the Carcinus is from the meat 
the later will begin the reactions. Soon after the animals begin 
to react they move about and usually in quite a direct line 
toward the meat The nearer they approach the food the faster 
they go. That the eye plays little part is evidenced by the fact 
that blinded forms go toward the meat with just as much cer- 
tainty. If a piece of meat is passed over the rocks at the bottom 
of the aquarium a Carcinus will follow this scent and often pick 
up every stone, which has been in contact with the meat, and pass It 
to the mouth, but as soon as the stones come in contact with the 
maxillipeds they are rejected. 

If the antennules are removed Carcinus reacts to food but only 
when it is placed a short distance from the mouth parts. The 
latter are regarded by Bethe as also sensitive to chemical stimuli. 
In the amphipod Ampkithoe^ one of the present writers found 
that the antennules were important olfactory organs, but that 
there remained a certain but much diminished power to detect 
food at a distance from the mouth parts after the antennules, or 
even the antennules and the antenna; were removed. Other 
species of amphipods were found to make exploring movements 
of the antennules when in the presence of food. 

Nagel's experiments with amphipods and isopods failed to 
elicit any positive response, although some species gave negative 
responses to disagreeable or irritating substances. The terrestrial 
isopods, Oniscns, Porcellio and Armadillo he found to be quite 
insensitive to strong substances like cedar oil and benzol. It is 
not difficult, however, to obtain very decided reactions from ter- 
restrial isopods to the va|>or of acetic acid and ammonia even 
after removal of the antennx. 

Many pa{>crs have appeared dealing with the organs of smell 
in Crustacea but conclusions regarding their functions have been 
based more on morphological grounds than on the results of 
exjK'riment. One of the most recent papers on the chemical 
sense of Crustacea is that of licll,' who worked on the reactions 
of the crayfish. Bell applied meat juice by means of a fine- 
pointed pi()ette, to various parts of the body. To render it evi- 

* HioiiN.ii \i Hi'i 1 1 iiN, Vol. a, p. i6^, looi. 
•/('Mr ( I *»/. \tH*, and /',Y,h.^ 10, 2<^g, ic><)<> 



THE SEAT OF SMELL IN THE CRAYFISH. 157 

dent when the substance came in contact with the animal, it was 
colored with eosin or carmine. It was found that stimulation 
of various parts of the body would elicit a response. The animal 
moved its mouth parts, became restless, moved the small cheli- 
peds about and sooner or later attempted to go toward the source 
of stimulus. The responses varied somewhat according to the 
region to which the stimulus was applied, but there was a marked 
tendency, as we have also found, for the first reaction to manifest 
itself by a movement of the part most directly stimulated. The 
antennules, antennae, mouth parts and tips of the large and small 
chelipeds were found to be organs of especial sensitiveness. We 
have repeated Bell's experiments with meat juice and verified in 
the main his results. Bell, however, did not test his conclusions 
by removal of certain organs or by operations on the nervous 
system. One is never quite sure that by using chemicals which 
diffuse through the water only the organ is stimulated to which 
the stimulus is applied. It was thought desirable, not only for 
this reason, but on account of determining more definitely the 
role of certain organs in chemoreception to observe the reactions 
of crayfish after the removal of the antennules and antennae, and 
after the destruction of the brain or the division of the nerve 
cord. 

The outer ramus of the antennules bears, in addition tg the 
kinds of setae found on the antennae and other parts of the body, 
certain peculiar club-shaped organs which have generally been 
considered the end organs of the sense of smell. These organs 
are absent on the inner ramus, and on the antennae as well as 
other parts of the body. Organs of a similar character are 
common in other Crustacea, being in many cases more abundantly 
developed in the male. This circumstance, as well as the fact 
that removal of the antennules diminishes the response to olfac- 
tory stimuli, renders it quite probable that these club-shaped 
organs perform the function which has so often been assigned to 
them. In a series of experiments we have compared the reac- 
tions of crayfish with the outer ramus of the antennules removed 
with the reactions of normal animals and individuals otherwise 
operated on. The rami were removed several days before the ani- 
mals were experimented with in order to eliminate any effect of shock 
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on the reactions. All of the specimens were kept for the same period 
without food, were placed in the same kind of dishes and treated 
in all respects as nearly as possible in the same way. Only indi- 
viduals which had been resting quietly for some minutes were 
employed for experiment. If any reaction was produced by the 
movements of the observer the crayfish was not used for experi- 
ment until it had been left for a considerable time and became 
perfectly quiet A piece of meat was very carefully introduced 
into the water with a long fine forceps and held a quarter of an inch 
above the rostrum. If one's movements are exceedingly slow it 
is possible to work around crayfish even when recently brought 
in from the field without exciting alarm. The number of seconds 
was noted before any of the feeding responses of the legs or 
mouth parts were set up. Sometimes such movements appear to 
arise spontaneously, and therefore only those cases were counted 
in which these movements eventuated in seizing and devouring 
the meat In three sets of experiments performed at diflerent 
times the time reactions of the crayfish were as follows : 



KXPERIMENT I. 
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Inner r«mu« removc<l 6 12 4 4 4 6 36 12 4 48 I4 13.7 

B<Mh ranit removed 4J 112 242 270 141. S 
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Experiment V. 

(Specimens with eyes blackened over.) 
Outer ramus remoTed 74 68 214 56 168 iiS 

Inner ramus removed 10 42 14 32 102 32 34 27 6 33 33.2 

The experiments show in a striking enough way that removal 
of the outer branch of the antennules is followed by a much 
greater loss of sensitiveness to olfactory stimuli than is caused by 
removal of the inner ramus. But they also show that crayfish 
with the inner ramus removed react less promptly than do normal 
animals. We may conclude from these experiments that the part 
most sensitive to olfactory stimuli is the outer ramus of the anten- 
nules, but that the inner ramus is also to a certain extent sensitive to 
the same kind of stimuli. Specimens with both rami removed re- 
spond to meat juice or pieces of meat placed near the tip of the large 
second antennae. It is scarcely possible that any chemical could 
diffuse to other parts of the body before the reaction takes place 
and hence the second antennae must have an olfactory function 
also. Specimens in which both antennules and antennae were 
removed showed a marked power of responding to bits of meat 
or meat juice placed near the mouth parts or the tips o^ the 
chelae. The small chelipeds were found especially sensitive to 
substances placed near the tip. By very carefully applying the 
tip of a pipette which had been drawn out into a long slender 
tube near one of the small chelae and slowly forcing out a little 
meat juice, one usually sees a slight grasping movement of the 
chelae, often at first a small twitch of the dactyl, followed by 
movements of reaching about. These movements are followed 
by exploring movements of the other chelipeds, chewing move- 
ments of the mouth parts, and by a turning of the body toward 
the stimulus. 

Animals in which the brain was destroyed were also experi- 
mented with. The crayfish was securely fastened to facilitate 
working upon it. With a fine-pointed scalpel a piece of the cara- 
pace about one fourth of an inch square was cut out just over 
the brain. After destroying the brain the piece of the carapace 
was carefully replaced and the edges sealed with asphalt varnish. 
The animal was then kept out of water until the asphalt had dried 
and the wound sealed. After a few days the animal was experi- 
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mented with and showed marked responses from the mouth parts 
and chelipeds. When the cheh'peds were rubbed with a piece of 
filter paper the substance was seized but rejected if passed to the 
mouth parts. When meat was pressed against the cheh'peds in 
the same way it was seized more eagerly, produced a greater de- 
gree of excitement and was generally eaten. To make sure that 
this was not due to a difference in the consistency of the two 
articles two wads of filter paper were taken upon one of which 
was pressed some meat juice. The two wads were applied to the 
chelipeds in the same way. but the one with the meat juice was 
more quickly seized and was generally passed to the mouth parts 
and swallowed. In some instances the pure filter paper was 
swallowed, but this was very rare. 

The chelipeds were also stimulated simultaneously, the one 
with pure filter paper, the other with filter paper soaked in meat 
juice. The animal almost invariably turned toward the side with 
the meat juice and grasped more vigorously on that side. The 
stimuli were frequently transposed but this did not affect the 
result ; the reaction to the paper with the meat juice was the more 
vigorous. 

In one crayfish the nerve cord was cut across directly behind 
the mouth parts and in front of the large chelipeds. The result 
of this operation is to somewhat paralyze the animal, especially 
the anterior chelipeds which are drawn up under the body. Ob- 
jects that touch the chela* are frequently passed to the mouth 
but again rejected. A bit of meat, however, is chewed and swal- 
lowed although this act requires a much longer time than in the 
normal animal. In some cases the chewing movements ceased 
before the food was swallowed. The chelipeds when stimulated 
by meat grasp it more eagerly than they seize innutritious mate- 
rials, and the animal in general shows a greater degree of ex- 
citement 

The experiments recorded show that the outer ramus of the 
antennulcs which bear the so-called olfactory setar are especially 
sensitive to olfactory stimuli ; that the inner ramus of the anten- 
nulcs and the antenniu are also sensitive to olfactory stimuli but 
to a less degree ; and that the olfactory sense is developed in other 
parts of the body, especially the mouth parts and tips of the 
chclij)eds. 



ANALYSIS OF FORM REGULATION WITH THE 

AID OF ANAESTHETICS. 

C. M. CHILD. 

During the last year and a half the writer has carried on an 
extensive series of experiments on the influence of certain anaes> 
thetics on the course and results of form regulation in Planaria 
dorotocephala Woodworth. Since the method has proved to be 
of considerable value and since it will be some time before the 
results of these and other experiments planned for the future can 
be presented in full, it seems desirable to present briefly and 
without extended comment the most important features of the 
work up to date as an illustration of the value of the method and 
the results to be attained by it. 

In my experiments thus far I have used chiefly alcohol, ether 
and acetone-chloroform, known commercially as chloretone. 
Although alcohol is much less strongly anaesthetic than many 
other substances its action is in general similar in kind to that of 
the substances commonly known as anaesthetics. The results 
with the three substances mentioned are practically identical so 
far as the more general features are concerned, though various 
differences of detail appear, which need not be considered here. 
Incidentally, however, it may be noted that these differences in 
the effects of the different anaesthetics serve to some extent as a 
means of determining the specific differences in the effects of dif- 
ferent anaesthetics on the metabolic processes : how far they 
will prove to be of value in this direction only the future can 
determine. 

In my experiments various concentrations of the three sub- 
stances have been employed, but the most characteristic results 
in general have been obtained with alcohol 1.5 per cent., ether 
0.4-0.5 per cent, chloretone 0.025-0.0375 per cent. These 
concentrations cause a considerable deathrate, but the results in 
the pieces which do not die within the first week or ten days are 
very uniform, so far as pieces of the same size and from the same 

region of the body are concerned. Alcohol has been used to a 
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larger extent than either chloretone or ether in my ex|>eriments 
up to the present time because it has given characteristic results 
and because it has seemed desirable to obtain fairly complete data 
concerning the efTect of a mild anaesthetic upon various regions 
of the body, on pieces of different size and age and in diflferent 
physiological condition as a basis for comparative work with sub- 
stances with stronger anaesthetic pro|>erties. It is my intention to 
extend the work to various other groups of substances which 
have a definite efTect on metabolism. In most of the work of this 
kind the efTect of only a short period of time in the given medium 
has been determined. It seems to me particularly desirable to 
determine more exactly the efTects of continued existence in media 
of various constitution on development and regulation. By such 
means it should be possible to advance a step further in our analy- 
sis of the processes of differentiation, localization and growth. 

I. Methods. 

The method of use of the anaesthetics, all three of which are 
more or less volatile, is as follows : Not more than ten pieces of 
the planarian are placed in a Stender dish holding about 250 c.c. 
and with ground edge and cover with ground groove exactly 
fitting the edge. This dish is filled to three fourths of its depth 
with the mixture of the desired concentration, some of the fluid 
is poured over the under side of the cover so as to wet its surface 
and fill the groove, and the cover is placed in position at once. 
Several of these dishes are placed in larger glass jars with 
ground edges, a liter or more of the fluid is poured over them 
into the jar and it is at once scaled by means of a glass plate on 
which a ring of vaseline corresponding to the edge of the jar 
has been smeared. In this way decrease in concentration is 
avoided as far as p>ossible. Furthermore the fluid is renewed at 
least every forty-eight hours and the mixture of the desired 
concentration is always made up immediately before using. It 
has been found desirable to keep the tcm|)erature as nearly as 
|>ossible constant, except where its influence on the results was 
to be determined. In most of my ex|K*rimcnts the temperature 
has ranged between ly^ and 20° C. but rarely beyond these 
limits. Rise in tem|)crature much beyond 20° C. increases the 
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death-rate and in temperatures below 15^ C. the regulatory 
processes are considerably retarded and certain complicating 
features which result directly from low temperature appear. 
With fairly constant temperature and regular renewal of the 
fluid it has been possible to keep various individuals and pieces 
alive in 1.5 per cent, alcohol for several months, and death, 
when it occurred, was apparently the result of starvation. As 
will appear below, however, the length of life of the pieces and 
individuals varies greatly according to conditions. 

II. Certain Features of the Organization of Planaria. 

In order to make clear certain of the results presented below 
it is necessary to call attention to the fact that in Planaria doro- 
tocephala (and in P, maculata) the posterior region of the body in 
all animals above a certain small size is specified to a greater or 
less extent as a second individual or zooid, which, when it attains 
a certain degree of physiological independence, separates from 
the other part by an independent motor reaction and becomes a 
complete animal. As I pointed out some years ago,^ the presence 
of this second zooid is indicated by the regional differences in the 
regulatory power of short pieces taken in sequence. When we 
compare pieces not more than one tenth the length of the whole 
animal and as nearly as possible of equal length, we find that 
the ability to form a head decreases in each successive piece from 
the original head-region posteriorly, until at about the region of 
the old pharynx the power to form a head disappears entirely and 
the pieces remain headless. But at about the middle of the post- 
pharyngeal region, u e,, at the level where fission occurs, the 
power of head-formation reappears rather suddenly. In species 
like Planaria simpficissima, which do not undergo fission, there 
is no increase in the power of head-formation in the postpharyngeal 
region. Other regional differences which indicate the presence 
of a second zooid in the posterior region of the body are described 
in the paper referred to above. As further evidence along the 
same line, I may add that I have been able to induce fission 
experimentally without feeding under conditions where it does 

I Child, <*The Relation between Regulation and Fission in Planaria^^'' Biol. 
Bull., XI., 3, 1906. 
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not occur normally, e. g., in animals reduced by starvation from 
a length of 1 5-18 mm. to a length of 6-7 mm., in young animals 
of 7-8 mm. in length, in the pieces resulting from the fission of 
large individuals, and again in the pieces resulting from the fission 
of pieces derived from fission. 

It follows from these facts that the posterior end of the first 
zooid lies somewhere near the middle of the postpharyngeal 
region in large individuals, and posterior to this level is a second 
young individual. 

III. The General Effects of the An.fj^thetics. 

In the first place the regulatory processes are much retarded 
and the retarding effects are greater in small than in large pieces. 
The most favorable cases in the anaesthetics require at ordinary 
tem|>eratures ten days or more to reach a stage which similar 
pieces in water attain in four or five days. 

In a short pa|>er ' attention has already been called to the fact 
that the change in the proportions of the pieces is retarded to a 
much greater extent than the formation of new parts. As a 
matter of fact the increase in length and the decrease in width of 
the pieces, which is so characteristic a feature of the regulation 
in Planaria does not occur to any appreciable extent until the 
pieces have become sufficiently acclimated and have reached a 
sufficiently advanced stage of development to move about in a 
manner approaching the normal. In the paper above referred to 
I pointed out that this fact confirms the conclusions which I have 
already stated in previous papers, viz., that this change in pro- 
portion is largely the result of mechanical conditions connected 
with movement and locomotion. 

In general the formation of the new tail is retarded to a much 
greater extent than that of the head. A small amount of new 
tissue forms on the posterior cut surface, but outgrowth to form 
the typical, tapering posterior end does not occur until the speci- 
mens bt-^'in to creep about. Apparently the movement and use 
of the iH>5tcri<)r end is not only a factor in determining its sha|>e, 
but also Mimulates the growth of new tissue. 

'< hilcl. •• llir k#*t;ul»i(>ry Change of Sh»|>c in P/anatia Ji'ri*ti\efhtiU^*' Bloi, 
Hri I , XV 1., iy, iWi 
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The process of regulation ceases in the anaesthetic before the 
degree of development attained in water is reached. The head 
remains of smaller size in proportion to the size of the piece, the 
*' auricles *' on the sides of the head, which in this species are 
normally long and pointed, remain short and blunt, the new 
pharynx attains only a fraction of the size attained in water, 
and intestinal regulation, with the exception of the degeneration 
of the smaller intestinal branches in many cases, does not occur 
to any appreciable extent until the animals begin to move about 
actively. 

These results are sufficient to show that the method affords a 
means of separating more or less completely in time certain 
regulatory processes which under normal conditions occur 
together, and thus of determining in some degree their relations 
to each other, and in the cases of change of shape and develop- 
ment of the tail theif relation to movement and use of parts. 

Another most interesting difference between the pieces in 
anaesthetics and those in water is the relation between regenera- 
tion in the stricter sense and redifferentiation. In certain pieces, 
which in water form the whole head back as far as the eyes by 
regeneration of new tissue, only the more anterior portions of the 
head are formed in this way in anaesthetics. In this respect 
alcohol and ether differ to some extent : in ether apparently less 
regeneration and more redifferentiation than in alcohol occurs, 
and in some cases in ether only the extreme tip of the head is 
regenerated, all other parts being the result of redifferentiation. 
A case of this kind is figured in my paper referred to above 
( 9, Figs. 14-16). As regards this point the process of regu- 
lation resembles that occurring after long continued starvation, 
but the substitution of redifferentiation for regeneration is even 
more complete in the anaesthetics than after starvation. 

IV. The Effect in Relation to the Size of the Piece. 

In general a larger piece is necessary for the production of a 
whole, or anything approaching a whole, than in water. Within 
certain limits the death-rate increases as the size of the piece 
decreases. Regulation is retarded to a much greater extent in 
smaller than in larger pieces. In smaller pieces the formation 



l66 . CM. CHILD. 

of a single median eye-spot instead of two, bilaterally sym- 
metrical in position, is much more frequent than in larger pieces. 
With decrease in size all stages between the fully developed head 
— I. ^., as fully developed as it ever becomes in anaesthetic 
media — and headless pieces can be obtained. 

All of these differences in regulation which are connected with 
differences in size can be observed in water, but in the anaesthetics 
they occur in much larger pieces than in water. 

V. The Effect in Relation to Region of the Body. 

The regional differences are similar in character to those ob- 
served in water but some of them are more marked. In the 
anaesthetics, for example, pieces from the middle region of the 
body, even those as long as one fourth of the whole length, 
almost always remain headless, while in water only very short 
pieces from the middle region fail to produce heads. Pieces one 
fourth the length of the body taken from the region immediately 
behind the old head almost always produce heads in the anaes- 
thetic as well as in water. In short, it is almost impossible to 
inhibit head-formation in pieces from this region, though there is 
not the slightest difficulty in inhibiting it completely in pieces of 
the same size from the middle region. When we compare pieces 
of the same size taken in sequence from the anterior end poster- 
iorly, we find that the ability to form a head disappears much more 
rapidly in anaesthetics than in water, but at the region of fission 
it appears again in both media and the pieces from the posterior 
region of the body, /. ^., the pieces of the second zooid, so far as 
they survive — they are like pieces of younger animals in being 
more sensitive than pieces from other regions when first placed 
in the anaesthetic, and in becoming more rapidly and completely 
acclimated — produce a larger percentage of normal heads (that 
is, normal for the medium) than pieces from any other region. 

Manifestly the comparison of pieces from different regions 
shows much more clearly than any series of experiments in water 
that the ability to form certain parts is present in very different 
degree in different regions of the body, and since the effect of the 
anaesthetics is to depress the metabolic processes or certain of 
them, the ability to form certain parts is apparently closely con- 
nected with the intensity of certain metabolic processes. 
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VI. The Effect on Locauzation and Number of Parts. 

The localization of the pharynx in anaesthetics is difTerent from 
its localization in water. In prepharyngeal pieces the pharynx 
appears nearer the posterior end and in postpharyngeal pieces, 
nearer the anterior end than in water. This difference in the 
localization of the pharynx means that the process of redifferen- 
tiation does not extend so far from the posterior end in prephar- 
geal pieces, or from the anterior end in postpharyngeal pieces as 
in water. Moreover, the shifting of the pharynx toward the 
middle, which occurs in each piece in water, is greatly retarded 
and in many cases never completed in the anaesthetics. 

This change in the localization of a specific organ resulting 
from a change in the external medium is of considerable interest 
and has a bearing upon the problem of localization in general. 
Driesch has maintained that the localization of morphogenetic 
processes in " harmonious equipotential systems," of which he 
regards Planaria as an example, cannot be accounted for on a 
physico-chemical basis. In this case the facts certainly demon- 
strate that a change in the constitution of the medium, of such a 
character as to affect the metabolic processes, brings about a 
change in the localization of a specific organ, the pharynx. 

Another case which involves not merely localization but num- 
ber of parts as well, concerns the eye-spots. Normally two eye- 
spots, symmetrically placed, appear in Planaria in regulation as 
well as in ontogeny. As noted above, however, we find that short 
pieces in water, especially those from the middle region of the 
body, often give rise to only one median eye-spot. In fact the 
formation of a single eye-spot instead of two is the first indication 
of decreased or incomplete ability to form a head. If we com- 
pare pieces of different lengths with anterior ends at the same 
level of the body we find that with decreasing length of piece 
single eye-spots appear more frequently, until in pieces of a cer- 
tain length perhaps only single eye-spots are formed. With still 
further decrease in the length of the pieces the heads with single 
eye-spots give way to a headless condition. It should be noted, 
however, that the relation between the length of the piece and 
the character of the result is by no means constant, but is de- 
pendent on the length of the animal, the physiological condition 
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and various other factors. In shorter individuals, for example, a 
relatively larger fraction, though an absolutely shorter piece, is 
necessary for a certain result similar to that produced by a rela- 
tively smaller fraction, though absolutely longer piece from a 
longer individual. Moreover, even in the same individual paired 
eyes appear in pieces of a certain length from the anterior region 
and the region of the second zooid, while pieces of the same 
length from the middle region produce either single eyes or else 
remain headless. With continued starvation the length of a piece 
necessary to produce a given result as regards eyes increases. 

With this brief statement of the results of ex|>eriments in water 
we may now turn to the consideration of the anaesthetics. In the 
anaesthetics single eyes' appear in much longer pieces than in 
water. By preparing similar pieces of the proper length from a 
certain region of the body and placing part of them in alcohol, 
or ether, part in water, it is often possible to obtain lOO per cent, 
of single eyes in the anaesthetic medium and lOO per cent, of 
normal paired eyes in the water. 

But in the anaesthetic a rather remarkable further change 
occurs very frequently, though I have never observed it with 
certainty in water. After some two weeks or more in the anaes- 
thetic the single-eyed heads give rise to two additional eyes 
symmetrically placed in the normal position and slightly posterior 
to the single median eye already present. These three-eyed in- 
dividuals are a characteristic feature of the experiments with 
anaesthetics. All the eye-spots persist as long as the animals 
live, whether they remain in the anaesthetic or are returned to 
water. 

But still another feature must be noted. The longer pieces in 
the anaesthetic frequently produce two eyes in the normal posi- 
tion. In many cases such pieces give rise after two weeks or 
more to a second pair of eye-sjwts a short distance behind the 
first pair and, like them, symmetrically placed. Such individuals 
then possess four eye-spots, all of which persist during; life. 

Briefly then a ver>' common effect of the anxsthetic is to in- 
crease the number of the cyc-sjx)ts beyond the normal. It 
should jKrrhaps l>e ntUcd llial tliesc additional eye-spots are not 
mere fragments of pigment, but typical eyes, the pigment being 
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associated with the unpigmented area representing the sensory 
cells in each case. Frequently, however, in the four-eyed indi- 
viduals the unpigmented areas as seen in dorsal view in the living 
animals are continuous between the anterior and posterior eye on 
each side. But the pigment spots are,, so far as my observations 
go, always distinct and arise separately, not by division of a pig- 
ment mass already present. An attempt to consider the possible 
factors involved in these peculiar phenomena must be postponed 
until the data are presented in full. It may be said, however, 
that these cases of supplementary eye-formation suggest that the 
formation of a single eye or of a pair under normal conditions 
inhibits the formation of further eyes within a certain region of 
the head, while in anaesthetic media this correlative inhibiting 
effect is not sufficient to prevent the formation of new eyes as 
the animal becomes more and more fully acclimated and the head 
grows larger. 

The relation between the formation of single median eyes or 
paired eyes and the length of the piece in anaesthetics and in 
water demonstrate very clearly that even the localization of such 
an organ as the eye-spot is dependent, not merely on the charac- 
ter of the tissues from which it is formed, but upon the organiza- 
tion of the whole piece of which it forms a part. Moreover, the 
fact that, other things being equal, a longer piece is necessary 
for the formation of paired eyes in the anaesthetic than in water 
indicates that the conditions or processes in other parts of the 
piece are less effective in the localization of the eyes in anaes- 
thetic media than in water. 

VII. The Effect on the Whole Animal. 

When whole animals of large size (15-18 mm.) are placed in 
the anaesthetics the first effect besides the more or less complete 
cessation of locomotion is usually the loss of the pharynx, which 
is often extruded within forty-eight hours, though it may be 
retained and undergo degeneration in situ. Following its extru- 
sion or degeneration a small new pharynx is usually slowly 
formed in the old pharyngeal pouch, but this never attains 
anything like the size of the original organ. Small young 
animals usually do not extrude the pharynx, and, so far as I 
have been able to determine, it does not degenerate when retained. 



I/O C. M. CHILD. 

The heads of whole worms in anaesthetics gradually assume 
the shape characteristic of heads regenerated under the same con- 
ditions. The auricles decrease in length until scarcely visible, 
the head becomes smaller in proportion to the body and its out- 
lines become more rounded. 

In many cases, though by no means always, the large indi- 
viduals begin after a few days in the anaesthetics to degenerate in 
the region representing the posterior end of the first zooid, i. <., 
the anterior half of the postpharyngeal region, and this degenera- 
tion results in the complete separation of a posterior portion 
corresponding to the second zooid and an anterior portion con- 
sisting of the first zooid minus more or less of its posterior end. 
In some cases the disintegration proceeds gradually in each piece 
after separation until the whole is disintegrated, but very com- 
monly it ceases after the separation of the two parts, the surfaces 
heal and the posterior piece develops a new head as it would do 
after normal fission, while the anterior piece produces a small 
amount of new tissue at its posterior end. This process of disin- 
tegration is not due to an infection or to any other accidental con- 
dition in the medium, as is clearly shown by two facts : first, it 
increases in frequency with decreasing temperature. At low tem- 
perature practically every large individual separates into two 
parts while in room temperatures separation often occurs in less 
than half And second, such disintegration and separation almost 
never occurs in individuals below a certain size, either in high or 
low temperatures. In short we find that the posterior region of 
the first zooid in large individuals is subject to degeneration and 
disintegration in anaesthetics, and more frequently in low than in 
high temperatures, while in small individuals degeneration rarely 
or never occurs in this region. 

I can account for these facts only as follows : In the large indi- 
vidual the first zooid is approaching the limit of size and its pos- 
terior end being most distant from the centers of correlation, the 
cephalic ganglia, is approaching a condition of what we may call 
physiological isolation. When we place such individuals in the 
anaesthetics we decrease the effective distance of transmission of 
the nervous processes and the posterior region of the first zooid 
becomes still further isolated. This region is incapable of form- 
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ing a new animal in anaesthetics, as we can readily show by iso- 
lating it physically, /. ^., by cutting it out and placing it in an 
anaesthetic medium, where it almost always degenerates. Con- 
sequently its condition while still attached to the other parts is 
comparable to its condition when physically isolated, /. ^., it is 
then physiologically isolated to such a degree that it behaves as 
if physically isolated and disintegrates. When we add the effect 
of low temperature to that of the anaesthetic, the physiological 
isolation is more certainly and more completely induced, con- 
sequently disintegration of this region is more frequent in low 
temperatures. This process of disintegration does not occur in 
small individuals because they are far below the limit of size and 
the posterior end of the first zooid is not physiologically isolated 
in anaesthetics to any such degree as in the larger individuals. 

VIII. Acclimatization. 

If the individuals or pieces live for a week or more in the 
anaesthetic they became more or less acclimated and begin to 
move about and react in the usual manner, though very slowly 
and imperfectly. In many cases they continue to live for months, 
especially in alcohol. In ether and chloretone I have not as yet 
been able to keep them alive for so long a time in concentrations 
corresponding in their effect on regulation to those of alcohol 
employed for this purpose. By beginning with mixtures of low 
concentration and gradually increasing the concentration they 
can be acclimated to concentrations which otherwise kill them 
within a few hours. I have not thus far attempted to determine 
the limit of acclimatization, since my attention has been 
directed chiefly to other problems. It is of interest, however, to 
note that young animals become more readily and more com- 
pletely acclimated to mixtures of given concentration than do 
older ones, although the younger individuals show a higher 
death-rate than the older when first placed in the anaesthetic. 
And finally individuals which have been reduced in size by 
starvation do not show the same power of acclimatization as 
young animals of the same size, but on the contrary, their ability 
to become acclimated decreases as starvation and the decrease in 
size continue. These facts bear upon various recent attempts at 
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interpretation of the reduction processes as reversals of develop- 
ment (Lillie, Schultz and others). It is evident from my experi- 
ments that the individuals reduced by starvation, although they 
may be simpler morphologically, than the full-grown individuals, 
are physiologically not younger but older than these. 

IX. Length of Life. 

In an extended series of experiments I have attempted to col- 
lect data concerning the length of life in anaesthetics of constant 
concentration, with the result that some conclusions of interest 
have been reached. 

As noted above, young individuals of small size are more sen- 
sitive than older, larger, and die in greater numbers during the 
first two or three days, but if they survive this period they very 
commonly live longer than the larger older animals, since they 
become more completely acclimated. Pieces from the posterior 
region of the body of large animals and corresponding to the sec- 
ond zooid behave in the anaesthetics like young animals. 

Animals and pieces which have been well fed up to the begin- 
ning of the experiment live longer in anaesthetics than starving 
individuals and pieces. It is of interest to note that the further 
starvation advances, the earlier do the animals die in anaesthetics 
of given concentration. 

Pieces from diflerent regions of the body show very different 
degrees of resistance to the anaesthetics. Pieces from the anterior 
region without the head live much longer than pieces of the same 
length from the middle region. Short pieces including the old 
head die much earlier than longer pieces and their death is not due 
to reduction in consequence of starvation to the limit of existence, 
for they die long before such reduction occurs. In other series of 
exjjcriments pieces have been allowed to begin the process of regu- 
lation in water and have been placed in the anaesthetic at various 
stages. If we compare long and short pieces with anterior ends 
at the same level of the body, we find in general that, as regula- 
tion proceeds, the short pieces, which have undergone a more 
extensive reorganization than the long pieces, behave more and 
more like young animals when placed in the aniesthetic, i. r., they 
are more sensitive at first, but if they survive they become more 
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« 

readily and more completely acclimated than the longer pieces and 
outlive them. In short the more extensive the regulatory reor- 
ganization of the piece the younger it is physiologically, and 
vice versa. These facts bear upon the general problems of age 
and ** rejuvenation." 

X. Conclusion. 

The above brief statement of results includes only the more 
important features of the experiments, but is, I think, sufficient 
to demonstrate the value of the method and the possibility of its 
application to various problems.. I hope to extend the experi- 
ments with these and other substances and with other species, in 
order to obtain a broader basis for comparison. I scarcely need 
call attention to the possibilities of the method for the analysis of 
morphogenetic phenomena. 

The results attained by anaesthetics can be approached more 
or less closely and in certain respects by decreasing the supply 
of oxygen, by low temperature and by starvation. In this 
respect my experiments are in accord with the hypothesis sug- 
gested by various authorities, viz., that anaesthetics inhibit to a 
greater or less extent the fundamental metabolic reactions or 
certain of them. We shall probably find, however, on further 
experiment that different anaesthetics act differently in certain 
respects as regards the morphogenic processes. 

Hull Zoological Laboratory. 
University of Chicago, 
December, 1909. 



THE CHROMOSOMES OF ACHOLLA MULTISPINOSA.» 

FERNANDUS PAYNE. 

In a recent paper entitled ** Some New Types of Chromosome 
Distribution and their Relation to Sex/* I described in part the 
history of the chromosomes in Acholla multispinosa. At that 
time, I had but little material and was unable to say with certainty 
just what occurred in the second maturation division. However, 
I stated that all the evidence pointed to the conclusion that the ten 
chromosomes in the ring divided equally while the members of 
the hexad group in the middle remained undivided, five of them 
passing to one pole, and one to the other. I also stated that the 
number of chromosomes and their size relations in the male and 
female somatic cells made it almost conclusive how the members 
of the hexad group separated ; that no other manner of distribu- 
tion could give an end result of 26 chromosomes for the male 
and 30 for the female. 

In order to clear up the doubtful points, I collected new ma- 
terial in larger quantities during the past summer and fortunately 
have been able to follow the complete history of the chromosomes 
in the spermatogonial, oogonial and the first and second matura- 
tion divisions. As a result, I can state that my former observa- 
tions were entirely correct and that my inference in regard to the 
separation of the chromosomes in the second division has proven 
true. 

The o<'>gonial divisions (Fig. i. A, B, C and I)) show 30 
chromosomes, 24 of which are approximately the same si^e while 
six arc much smaller. I have examined female material from 
New Jersey, New York, Indiana and Illinois and they all show 
the same number and size relations. The s()ermatogoniat groups 
(Fig. I, E, h\ G and //), on the other hand, contain 26 chromo- 
somes, 22 medium sized, one vcr)' large and three small. Since 
the number and size relations of the chromosomes in the male 
and female groups are so different, it might be argued that I have 
been working with two sjKxies. In regard to this question, I 

•C'onlrjhution frt>m \\\r /<>-'ili>,;u aI t.aUiraturv of Indiana t'niversily, Nt» III. 
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wish to State that with this point in mind, Van Duzee has ex- 
amined my material very carefully and that the larger part of it 
(30 specimens) consisting of both males and females was collected 
within a small circular area of about 3oo feet in diameter. 

•:n* •?•?:> '^ii 
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Fig. i.i Aclulla muUUfittaia. A, B, C and !>, metrnphaAe figures a( (he 
oflgonJBl division, sfaowing 30 chromosomes ; £, F, G and //, sperm>l<%onii1 diri- 
sioni showing z6 chiomoMimes ; /, J, A'and /,, mcUphase figuresot Lhefir^mkLun- 
lioD diTision showing 16 chromosomes. 

The metaphase plate of the first spermatocyte-division shows i6 
chromosomes (Fig, i, /,_/, A" and L). As 26 is the spcrmato- 
' All l^res are drawn lo (he same scale and magnified 1,500 diaiDe(eis, 
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gonial number, ten or these must be bivalent and six univalent 
The three small ones are again present The large one is here 
as in the prophase of the first division linked end to end with two 
other chromosomes. All divide equally in this division. I was 
fortunate enough to find a side view of the anaphase showing all 
three small ones dividing (Fig. 2, D). The large one and the two 
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V\a. 1. Afhftta mulliifin.'ia. A, pruph*K of ihc firil didiion : ihe Urge chro- 
Do»mc ■■ fiHiicd end lo end wilb two othen ; B. unaphiK, jiolu (iew, at Ihe linl 
diiiiion 1 ( '. inaiibMe, tide ticv, of Ihe linl diTiiiuo, tbowing ibe lUe diTiuoo of (h* 
large rhromiAomc and ihe l«o wilh which il ii linked ; /), ■napbate, lide new of ibe 
lirK (liTition. tliowini; Ihe diiinon of the three uiiall chromuaomn ; £. mcta|)h*ic of 
tbe tHori'i ditiviim, |i«liir vie*. ihi>winK ibe ten chroniiivme* in tbe rioK and the fiie 
IDcmtirrt of the hetad K'oup which he in nne pl«ne ; A, a •tightl)' ohlnjue riew of 
ibc Kiiind dniiiiin meiaiihaw ihowin^ ihe hriad Eiou|> ; U and //. anaphaici, 

with which it is joined arc usually the laiit to divide (I'ig- 3, C, a 
side view of the first division anaphase). Fi^;. 2, /', is a polar 
view showing 16 chromosomes. There is no definite arrange- 
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ment in this division, although the large one always lies on the 
periphery. 

As a result of the equal division of all the chromosomes in the 
first division, the metaphase plate of the second maturation division 
shows 1 6 chromosomes. In this division, however, there is 
always a definite arrangement. Ten of the 1 6 form a more or 
less regular ring while the remaining six, two medium sized, 
three small and the extra large one, are arranged in a hexad group 
in the middle. Five members of the hexad group, the two 
medium sized and the three smaller ones, lie in one plane, while 
the sixth member, the large chromosome, lies either above or 
below the five on the other side of the equatorial plane. Fig. 2, 
F, is a view of the second division metaphase, slightly to one 
side, showing the arrangement of the hexad group. Fig. 2, E^ 
shows the ten chromosomes in the ring and the five in the middle. 
The large one could not be shown without displacing it. The 
ten chromosomes in the ring divide equally while the members 
of the hexad group do not divide, but five of them, the two 
medium sized and the three small ones, pass to one pole and the 
large one to the opposite pole. The anaphases showing this un- 
equal distribution are shown in Fig. 2, (7 and H. Two classes of 
spermatozoa are thus produced, differing in that one class con- 
tains 1 5 chromosomes, the other 1 1. Further, since the oogonial 
number is 30 and the spermatogonial 26, the reduced number 
of chromosomes in the egg must be 1 5 and the two classes of 
spermatozoa must be respectively male and female producing. 

Spermatozoon 15 + egg 15 =r 30 (9) 
Spermatozoon 1 1 + egg 1 5 = 26 (c?) 

As stated in the previous account, the size relations of the 
chromosomes serve as an aid in reaching the above conclusions. 
If the fifteen-chromosome class of spermatozoa meets an egg with 
1 5 chromosomes, three of which are small, the offspring should 
have 30 chromosomes, six of which should be small. This is 
what we find in the female cells. If the eleven-chromsome class 
of spermatozoa meets the same egg, the cells of the embryo 
should have 26 chromosomes, three of which should be small 
and one extra large. This condition is fulfilled in the male cells. 
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I have not been able to follow the history of the differential 
chromosomes during the growth period. A plasmosome is 
present Sometimes it stains perfectly black but again it may 
stain much as the cytoplasm does. If the latter, a number of 
chromatin bodies can be seen embedded in it. As I have fol- 
lowed the history of the plasmosome and its relation to the dif- 
ferential chromosomes in Prionidus it seems very probable that 
here, too, in Acholla the differential chromosomes are embedded 
in the plasmosome during the growth period. 
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Fig. 3. 

Fig. 3 gives a diagrammatic representation of what occurs in 
maturation and fertilization. 

Only a few years ago maturation meant a reduction to one 
half; the number of oogonial and spermatogonia I chromosomes 
were thought to be the same in each species and this number an 
even one. Even as late as 1900, Wilson in ** The Cell in Develop- 
ment and Inheritance " writes as follows : ** Van Bcncdcn's epoch- 
making discovery that the nuclei of the conjugating germ-cells 
contain each one half the number of chromosomes characteristic 
of the body-cells has now been extended to so many plants and 
animals that it may probably be regarded as a universal law of 
development ** Those who believe that the odd chromosome is 
merely a delusion in the minds of a few investigators still cling to 
the universality of Van Beneden's law. However, the law is no 
longer of universal application. Not only the odd chromo^^ome 
but a number of other irregularities have been recently described, 
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the present case of Achdlla giving the greatest variation in num- 
ber. In fact SO many variations have been [found that we may 
justly ask what is to be the limit of these irregularities and where 
will they lead us ? 

The case of Acholla is interesting for two principal reasons. 
First, it gives us the greatest variation in number so far discovered, 
there being a difference of four between the male and female 
groups. Secondly, if we examine the size relations carefully it 
will be noticed that the large chromosome which goes to the 
male-producing pole seems to contain a larger amount of chro- 
matin than the five chromosomes of the hexad group which go 
to the female-producing pole. A number of measurements show 
this to be the case. In all the irregularities hitherto described, 
the female cells contain the larger number of chromosomes and 
also the greater quantity of chromatin. The present case is not 
an exception to the number but seems to be in regard to the 
quantitative relations. • 

Several recent theories of sex determination have been based 
upon the quantitative relation of the chromatin. The evidence 
in Acholla forms one of the stumbling blocks in the way of some 
of these interpretations. To be sure, if we should ignore the large 
chromosome, the homologue of the small idiochromosome, or 
what Wilson terms the Y element, many difficulties would dis- 
appear. Most certainly though, as Morgan says, there is no 
reason for disregarding it except that its presence, in an active 
condition, does not fit in with our hypothesis. In his recent 
paper on **Sex Determination in Phylloxerans and Aphids," 
Morgan while realizing the difficulties in its way, further develops 
the quantitative hypothesis and holds to it as a rough approxima- 
tion to a solution. In regard to the case of Acholla he suggests 
that possibly the five chromosomes of the hexad group which go 
to the female-producing pole are more active than the large 
chromosome which goes to the male-producing pole. The sug- 
gestion may be true, but is the question of the activity of the 
chromosomes the same as that of the quantitative relations ? 



THE POLE DISC OF CHRYSOMELID EGGS. 

H. L. WIEMAN. 
Univirsity of Cincinnati. 

Hegner (09^)' has described a disc-shaped mass of darkly stain- 
ing granules at the posterior end of freshly laid eggs of two 
genera of beetles, Calligrapha and Leptinotarsa, In earlier publica- 
cations (Hegner. 08, ogdf these granules are spoken of as " germ 
cell determinants " in the sense that they fix the character of the 
sex cells. The use of the word determinant is open to cridctsm 
inasmuch as the term implies the attribute of certain potentialities 
that these granules have not been shown to possess. In the 
complete account of the early history of the germ cells (Hegner, 
09^)' the word determinant docs not appear, and the conclusion 
regarding their significance is summed up in the statement, that 
the " pole-disc " is '* intimately associated with the development 
of the pole cells " (p. 288). 

In view of the experiments of Lyon, Lillie, Morgan and others, 
which center about the question of the role of preformed mater- 
ials in the ^^% as versus a predetermined method of action as the 
essential factor in embryonic development, it is important to know 
something of the nature and origrin of the granules of the pole 
disc. The data derived from the experiments of these investiga- 
tors tend to indicate that early developmental phenomena can 
take place even though the original configuration of the ground 
substance be radically changed. The formative processes do not 
depend on the materials displaced by centrifuging, but are bound 
up in the organization of the ground substance of the egg 
protoplasm. 

Hegner did not determine the origin of the pole disc, but is 
inclined to believe that it is composed of f>articlcs of chromatin 
derived from the nucleus. No expulsion of material from the 
nucleus was actually observed ; the conclusion being based 

' fourna' of JA r^4t'A\'r, XX., 2» I901. 

M>i<>i4x*i( AL Bail MiN, XVl., I, 190K ; y.itff n. Exp. /aV., VI., 4, 1909. 
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mainly on staining reactions and the results of Blochmann (86),' 
Stuhlmann (86),' and others who have described in various species 
of hymenoptera a budding of the nucleus of the ovocyte resulting 
in the formation of many small " nuclei " (Ncbenkerne) each con- 
taining small dark staining granules. The work of Sylvestri (08)' 
is also cited as supporting a nuclear origin of the pole disc. 

In connection with some work embodied in a paper now in 
press, I have had occasion to study the process of nutrition in the 
egg of LepHnotarsa signaticoUis, 
a chrysomelid beetle closely re- 
lated to L. (iecemiineata, one of 
the species studied by Hegner. 
In this form the nutritive ma- 
terial consists of a granular mass 
secreted by the nurse cells of the 
ovanole. This material enters 
the egg through the egg-string 
which is a protoplasmic process of 
the egg terminating in the groove- 
like spaces between the nurse 
cells. In safranin-lichtgrun prep- 
arations these granules stain as 
intensely with the basic dye as 
the granules of the pole disc. 

Fig. 1 is a semi -diagrammatic 
drawing representing a longitud- 
inal section through an ovarycon- 

taining developing eggs. The p,^ , Longi.udin.1 .«tion of .-. 
eggs which in an earlier stage arc ovuiok showing oTOcyies x the Ugin- 
massed together in the proximal niDgotthegrowihperiod. ThenutritWe 
region of the terminal chamber »^«- ("■'-) 'j "^'"'"•^J i" o"ly°« 

" of ibe eggs (t). e.t., egg slnng; n.e., 

of the ovariole. gradually be- nurse cell.-, e./.,o»«rioiesi.lk. 
come arranged in a linear series 

in the ovariole stalk, the cells of which form the egg-follicles. 
The egg-strings elongate as the eggs move down into the follicles, 

IJ=etls(*r. JVat. Mtd. Vtriim. Hiidtlbtrg. 
*Btr.d. Nal. Get. Frtiitrg,l. 

*8otlf. Lat. xeil. gm. i agr. dtlla R. Scuotn Sufirrier/ d' AgriiBllura di Portiei, 
111., 1908. 
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and pass back from the proximal end of the egg (which represents 
the anterior end of the Tuturc embryo) to the nurse cells. 

When the egg is at the stage of development shown at e. the 
food material passes in a broad stream toward the nucleus beyond 
which it extends for a short distance. A Mttle later (Fig. 2) the 
form of the nutritive stream 
changes so that now it encloses 
a central area of newly formed 
yolk. The nucleus has shifted 
its position to the distal (pos- 
terior) end of the egg, where it 
appears as a rounded body 
composed of an acid staining 
ground substance in which a 
number of basic staining nu- 
cleoli are embedded. 

When a portion of the cy- 
toplasm containing the food 
stream is examined at a high 
magnification, granules of dif- 
ferent sizes are seen distrib- 
uted on an irregular reticulum 
(Fig. 3)- The granules at 
their point of entrance into 
the egg as well as those found 
in the cytoplasm of the nurse 
cells arc of a uniformly small 
si?.c ; while inside of the egg 
they are of various si/cs, due 
cither to coalescence of the 
I-i^:. J. l...nB.<udir..l ^lioo of ■ h>ir .n*. ^mall granules or to an actual 
tuiomxriF. /.L.tci^'ini: /'-■cKE'oilKit. growth of individual granules. 
roni>«l t^ ihc «iu of ihe OT.™,ic M.ik ; *.. jhcsc granules now pass 
through an interesting cycle 
of stages. When they have attained their full si^e they stand 
out from the reticulum and project into the interreticular spaces 
(Kig. 4. a). They now divide (Fig. 4, ^). This division is ver>' 
exact and divides each spherule into twi> bcan-shn|)ed halves. 



THE POLE DISC OF CHRYSOMELID EGGS. I83 

A series of divisions now ensues until a number of bodies, like 
chromosomes in appearance, is produced in a single space (Fig. 
4, c). After about four or five divisions have taken place, they 
begin to lose their affinity for the basic stain and also their regu- 
larity of outline (Fig. 4, </), and in 
the next stage (Fig, 4, e) they are 
seen to have fragmented into nu- 
merous irregular bodies that stain 
with the acid dye. Still later {Fig. 
4,/) the space is practically filled 
with a finely granular acid staining 
yolk mass. 

The process of yolk formation, 
therefore, consists in the transfor- 
mation of the basic staining granules 
of the food stream into an acid stain- 
ing yolk wliich fills the meshes of 
the cytoplasmic reticulum of the 

mature egg. In this transforma- Fic. 3. Secti-nof .hecjiopiwra 
of ihegrowingovocyleinlbereRion 
tion the cytoplasm as well as the „f „,, „„,„,;»« ureun. x s.ooo. 
nucleus is undoubtedly involved. 

The yolk is first laid down in the center of the egg, but as the 
granules spread outward as well as inward from the nutritive 
stream it is not long before yolk is found on either side of the food 
stream. 

The pole disc does not appear until the egg is nearly mature, 
and a study of successive stages shows that it is composed of 
granules of the food stream that have accumulated at the pos- 
terior end of the egg (Fig. 5). These granules are much 
larger than those of the Keimhaut (the peripheral layer of cyto- 
plasm surrounding the yolk in the mature egg) and stain in- 
tensely with the basic stain. This staining reaction might sug- 
gest that the granules are of nuclear origin ; but while the 
nucleus at this time is far from inactive, with an interchange of 
materials between it and the cytoplasm probably taking place, I 
have never been able to observe an actual emigration of granules 
from the nucleus into the cytoplasm. 

Union of the germ nuclei in fertilization and the early cleav- 
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ages take place approximately in the center of the egg. As 
cleavage proceeds there occurs a separation of the nuclei into two 
groups, one of which moves outward into the peripheral cyto- 
plasm to form the nuclei of the " Keimhautblastem," while the 




Fic. 4. Sin ttagei in ihe di*isl 
nsof 3rolk formilion, X i.mo. 

Other (the vitellophags)remainsscattered through the yolk. Ac- 
cording to Hegner a definite number of nuclei reaching the poste- 
rior part of the egg do not remain in the peripheral cytoplasm, 
but collect about them a number of granules from the pole disc 
and continue their migration until they are entirely separated from 
the blastoderm. These nuclei with their accumulations of cyto- 
plasm constitute the primordial germ cells. 

Fig. 6 represents a section taken through the region of the pole 
disc shortly after the pole cells have reached the periphery. It 
will be noticed that the granules of the pole disc arc much finer 
than in the earlier stage shown in Fig. 5. The granules in the 



Kir 5. l/»ii;itudinal •cclion of the pinltrior cihI oI ■ milure mmn. •• l,aoo 
/./.. p-ileditci i , Keinihuul; y . yolk. 

cells are distributed on a reticulum and slain intensely with the 
basic dye, but no more so than the granules that are found in the 
cytoplasm of the bla-ttoma cclk. In one case the granules are 
derived from tlic pi)Ic di>c. while in the other they come direct 
from the fiMid sttcdm. The original lourcc in both cases is the 
material secreted by the nurse cells. 
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Does the fact that the granules of the pole disc are derived 
from the food stream in any way modify our conception of their 
significance? Were they derived from the chromatin of the 
nucleus, the fact might be regarded as supporting their hypo- 
thetical role of germ cell determinants, inasmuch as it would be 
in accord with the view that the chromatin plays a primary part 
in directing and perhaps determining the activity of the cell. On 



Fig. 6. LoDgitudiDil lection of the poitrrior end of Lhe early embryo. X ^'^''^• 
p.t., pole cells; p.d., pole disc ; y., yolk. 

the other hand, if they represent so much food material, their 
significance as germ cell determinants appears in a different light. 

The granules of the food stream arc derived from the cyto- 
plasmic granules of the nurse cells, which are germ cells that 
have lost the function of reproduction and that have taken up 
secondarily the function of secreting material for the growth and 
development of the ova. In early stages the nurse cells do not 
differ in any regard from their sister cells destined to become 
ovocytes. In my paper referred to above I have described what 
^pear to be some of the factors in the differentiation of the 
primordial germ cells into nurse cells and sex cells, and shall 
not enter into the matter here. 

At the dme of this differentiation the nurse cells pass through 
a period of amitotic divisions, at which time the usual staining 
reactions of nucleus and cytoplasm become reversed, i. e., the 
nucleus stains with the acid dye, while the cytoplasm, including 
the granules which later form the nutritive stream, stains with 
the basic dye. 
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The granules may therefore be of the nature of chromatin, 
and actually represent the chrDmatin of the nurse cells ; for the 
chromosomes never appear in these cells after they have divided 
amitotically. But even though this be the case a nuclear origin 
for these granules loses any special germinal significance when 
we remember that the latter develop into yolk as well as pole 
disc, and are therefore just as much "yolk determinants'* as 
*• germ cell determinants." 

It would appear that a fact of far greater importance in the 
determining of the germ cells lies in the migration of the pole 
cells to a position outside of the yolk. This migration isolates 
these cells and places them in an environment that is entirely 
unique. It is rather difficult to understand how the absorption 
of pole disc granules could be the cause of this. The fact that the 
pole disc occupies a position between the pole cells and the yolk 
gives a considerable foundation for regarding it as a source of 
nutrition for these cells. 

Hegner states that the granules of the pole disc are absorbed 
by the pole cells in passing through ; after which no further im- 
portance is attached to the pole disc. However the granules are 
not all taken up by the cells in their migration and the greater 
part of them remains behind after the cells have passed through 
(Fig. 6). 

If then the pole disc represents a part of the nutritive stream 
of the ovum that has not been tranfformed into ordinary yolk, 
but instead has been reserved to supply the pole cells, the con- 
clusion presents itself that the latter as a result of this sp>ecial 
kind of nutrition undergo a peculiar method of metabolism which 
diflercntiates them from the somatic cells. When these cells are 
ready to immigrate into the cmbr>'o through the pole-cell canal 
the differentiating factor has already acted and the germ cells are 
readily distinguished by certain morphological peculiarities from 
the somatic cells. 

It would t)e highly interesting to know whether or not the 
germ cells will develop in the absence of the pole disc. The 
experiments devised by Hcgncr to test this point have been nega- 
tive in results, although they do show that the egg may have its 
cnntents profoundly disturbed without preventing the production 
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of abnormal embryo. When the granules of the pole disc are 
displaced by the centrifuge, they are said to move en masse ^ which 
indicates that they form a structural feature of considerable 
rigidity. 

While more decisive experiments are needed to clear up this 
point, the evidence at the present time from the morphological 
side shows that the granules of the pole disc consist of particles 
derived from the food stream of the ovum that form an accumu- 
lation in the protoplasm in its posterior part. 



FORTY-NINE GENERATIONS IN THE DARK.* 

FERNANDUS PAYNE. 

Since the time Lamarck put forward the well-known theory 
of the transmission of acquired characters* this subject has been 
discussed pro and con by many writers; some believing that it is 
one of the guiding principles in the evolution of species; others 
that the transmission of an acquired character is an utter im- 
possibility. I shall not attempt a review of the literature, as 
ever>' book on heredity and evolution has its chapter devoted 
to that. In fact, it seems to me that there has l)een too 
much discussion and not enough experimental work. I txflieve 
it can justly be said that there has not been a single decisive 
experiment which proves or disproves the theory. They are all 
open to criticism in one way or another. The main argument 
which the opponents of the theory advance is that there has 
been no proof brought forward, and further there is no conceiv- 
able way in which an acquired character could be transmitted. 
On the other hand, the sup|X)rters l>elieve that this is one of the 
easiest ways of explaining evolution and as it helF>s us out of 
many a difficulty it must l)e true. 

Much interesting data has hwn collected, but none of it is 
conclusive. What we nt*cd at the presc*nt time is more experi- 
mental work to test the validity of the theory'. With this atti- 
tude toward the subject, I starttxl an expt*riment October 21, 
1907, while at Columbia rniversity to test the efltvt of darkness 
uiK)n the common fruit fly, Drosophila ampelophora, and, if any 
efTcct was noticeable, to test its transmissibility. This seemed 
to l)e a suitable exiK'riment as the i)rt*sent condition of cave 
animals is easiest explaine<l by the assumption of the transmission 
of ac(iuirc(l characters. 

The i^ajHT is not a finishoi report, but it may l)e of interest 
to witiuihc nun to learn that sut h an exiHTJnient is in progn^ss, 
and that this tl\ has tu't n t)rt(l in the dark for forty-nine ^^'nera- 
tions. Most ctTtainly tlu- Un>;th of time is rather short, but the 

' ( (-ntr •I'UtioD U\ m tdr 7(m.;i ^.x^l I atHiiat(>r> ol In<li.iiu l'nuri«tl>'. No, IIS. 
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number of generations is large when compared with longer lived 
animals. Forty-nine generations of mankind would cover about 
fifteen centuries of time. 

The first changes noticeable in cave animals are the loss of 
color and the degeneration of the eyes. So far, in the case of the 
flies, no visible change in color has manifested itself. Sections 
of the eyes showed all parts perfectly normal. Although I have 
not succeeded in getting an accurate method of measuring it, 
there is a noticeable difference in their reactions to light. These 
flies are positively phototactic and if set free nearly always fly 
toward the light. Those bred in the dark are still positive, but 
they do not react so quickly nor do so many of them react. At 
the end of the tenth generation, this difference was noticeable. 
So noticeable, that when two vials, one containing flies bred in 
the light and the other in the dark, were shown to several people 
at the laboratory without them knowing what they were, they 
immediately remarked that one lot went toward the light much 
more quickly than the other. This tenth generation, after being 
bred in the light for one generation, still showed a difference but 
not quite so marked. Whether or not the flies of the forty-ninth 
generation are more sluggish in their reactions to light than those 
of the tenth generation is impossible for me to say as my method 
of testing is not sufficiently accurate. I expect to continue the 
experiment and hope later to devise a method by which I can 
test the reactions of each fly individually and thus see whether 
the effect of the darkness is a cumulative one. 

Much discussion has centered around the question of the 
origin of cave faunas and several suggestions have been made in 
regard to its solution, but it seems pretty generally concluded 
that animals which now inhabit caves have entered them because 
they were originally dark-seeking forms. The present experi- 
ment shows that a positively phototactic animal might establish 
itself in a cave if it were accidentally enclosed in such a place 
and if a suitable food supply were present. 

Since no changes have been produced in the color of the body 
or in the structure of the eyes by breeding the fruit fly in the 
dark for forty-nine generations, the question arises as to whether 
the length of time which these flies have been bred in the dark 
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is too short or whether they have reached a fixed condition in 
so far as variations toward adaptations for a cave life are con- 
cemed. We might extend it a little further and ask whether all 
animals would lose their color or whether their eyes would de- 
generate in a cave environment? In other words, is the environ- 
ment alone responsible for the present condition of cave animals 
or is there a;i internal orthogenetic factor at work to which the 
environment serves as a stimulus? Eigenmann in his discussion 
of the origin of cave animals has stated that forms which now 
inhabit caves were predestined to become cave animals long 
before they ever entered a cave. That is, they had varied in a 
certain fixed direction, and these variations had tended to fit 
them for a cave existence. If such is the case, would the present 
cav^ animals have become blind and colorless if they had not 
entered caves ? 



DO BLOW FLY LARV^C RESPOND TO GRAVITY? 

S. O. MAST, 

Referring to the fact that blow-fly larvae crawl under objects 
in water just as they do outside, Loeb says (1905, p. 68): *'In 
these experiments I was struck by the fact that the animals, 
when placed under the surface of the water, do not swim upward 
and so avoid death, but swim downward. I cannot explain this 
fact. Under other conditions positive geotropism cannot be 
demonstrated in these animals." Relying on this statement of 
Loeb, I attempted to ascertain the cause of the expressed dif- 
ference in response to gravity of fly-larvae in air and in water 
and the method of orientation in swimming downward. The 
result of this investigation follows. 

In making observations on the reactions of blow-fly larvae in 
air, twenty-five active specimens varying in length from 5 to 
17 mm. were put into a glass jar with vertical walls so situated 
that the light intensity in the jar was very low and approximately 
uniform throughout, thus eliminating its influence on the direc- 
tion of movement. In the course of several minutes it was 
found that nearly all the larger specimens were crawling almost 
straight upward on the sides of the jar, apparently responding 
negatively to gravitation. The smaller larvae however crawled 
about in all directions, horizontally and downward as well as 
upward. What is the cause of this difference in the direction 
of locomotion? 

Careful observation soon showed that while most of the larger 
larvae observed at any given time were directed upward, they 
frequently turned and started in other directions, but that as 
soon as they got into a position approaching the horizontal they 
either fell to the bottom of the jar or the posterior end swung 
downward somewhat every time it was raised in the process of 
looping, and that this resulted in orientation with the anterior 
end directed upward. 

Thus it is clear that there is no evidence of a reaction to gravi- 
tation in these forms under the conditions of these observations, 
t. e., in air. Do they become positive to gravity in water and 
swim downward as Loeb says, and if so, how do they orient? 

Larvae approximately 6 mm. long were taken from carrion 

* Studies in General Physiology, Vol. I., 423 pp., Chicago. 
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and put into a glass jar containing water 20 cm. deep. They all 
soon reached the bottom, but there was not the slightest evidence 
of swimming downward. They did not orient and the longitudi- 
nal axis was nearly horizontal in many of them. In fact there 
was but little bending and twisting in the larvse. Most of them 
remained perfectly quiet as they sank to the bottom and none 
of them deflected more than 2 cm. from the vertical. The same 
was true for larvse approximately i cm. and 1.6 cm. long taken 
from the carrion and put directly into the water on the second 
and fifth days following. But in case of other specimens which 
were kept in a dish without food for several hours before they 
were put into the water many did not sink. This was due to 
the formation of small bubbles of gas near the anterior end. 

Some of the larva? which had thus been without food were 
killed in boiling water, others in alcohol. Of the dead speci- 
mens some sank, others floated. The dead ones were now 
mixed with living ones, and all put into a small glass jar con- 
taining water 80 cm. deep. After the larvae which were heavier 
than water had sunk to the bottom, the jar with the upper 
end closed was suddenly inverted. Those which had l)een at 
the lx>ttom sank again, while those which had l>een at the top 
rose. In lK>th lots there were some living and some dead 
8i)ecimens, but it was only ^ith great difficulty that one could 
distin((uish them. In nearly all s[)ecimens the axis was appn>xi- 
mately horizontal. There was no evidence whatever of a swim- 
ming movement in any of them. If there is no gas in them they 
sink to the lK)ttom where they crawl atx>ut much as they do in 
air. If they contain bubbles of gas they float at the surface, 
where in one instance they were observed to remain alive more 
than twenty-four hours. 

It must therefore l)e conclu(le<l that blow-fly larVcC do not 
react to gravity, either in water or out of it. In air they may l>e 
found to orient atul crawl nearly straight upward on objects, 
but this is not due to a resiM>nst* to iiravity on the [)art of the 
orj»<un^ni*^. In water they sink to the InKtom or float at the 
top, de|H'ruling u[x)n the amount of gas they contain, but there 
is no evidenee whatever indiialing that they can swim. 

(^>ef HKR (\)l.LK(<e. 

Baltimoks, Ml). 



PECULIAR HABITAT OF A PYCNOGONID (ENDEIS 

SPINOSUS) NEW TO NORTH AMERICA, WITH 

OBSERVATIONS ON THE HEART AND 

CIRCULATION/ 

LEON J. COLE. 

During the summers of 1904, 1905 and 1906, sargasso, or 
gulf-weed, at various times drifted into Vineyard Sound in con- 
siderable abundance. This is the case some years, while others 
it may seldom be seen or may be wholly absent during the entire 
season. Gulf-weed is borne northward each season in large 
quantities by the Gulf Stream, which here lies nearly a hundred 
miles oflf the coast, and its appearance in these in-shore waters 
would seem to depend in large part upon the occurrence and 
prevalence of southerly and easterly winds, which divert a cer- 
tain amount of it shoreward from its course further out. In 
1904, and presumably also in the two succeeding seasons, al- 
though my records do not state specifically as to this, the weed 
was covered with a delicate but very abundant growth of the 
hydroid Obelia dichotoma (Linn.).^ Living among the colonies of 
this hydroid, and clinging tenaciously to its stems and branches, 
occurred a slender pycnogonid, a species of Endeis, both adult 
males (many of them carrying eggs) and adult females, as well as 
young in various stages of growth, being found in great numbers. 

The largest of these pycnogonids were of a considerable size, 
being approximately 15 mm. across from tip to tip of the extended 
legs; but all were nearly white, or of a light straw color, in gen- 
eral appearance, which rendered them far from conspicuous 
among the similarly colored hydroid stems. Examined individu- 
ally, with more care, it was found that the intestine and its 
diverticula in the legs usually appeared greenish, probably due 
to its contents, while there was a pinkish tinge at each of the 
articulations of the different joints (articles) of the legs. When 

' The observations reported in this paper were made in the laboratory of the 
United States Bureau of Fisheries at Woods Hole. Mass. 

* The identification of this species was kindly confirmed for me by Professor 
C. W. Hargitt. 

>93 
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the intestine was empty, the legs often appeared white at the 
joints (articulations) and transparent between. The distal half 
of the proboscis is usually the most conspicuous part of the 
animal, being a tinge or shade of yellow, in some cases so dark 
as to be almost buff. Eyes dark reddish brown. 

While this pycnogonid was found plainly to belong to the 
genus Endeis {Phoxichilus^ of authors), its peculiar occurrence 
among the gulf- weed, and the fact that the genus had never been 
reported from American waters, led to the suspicion that it 
would prove to be specifically distinct from any described form. 
Comparison, however, with descriptions of Endeis spinosus 
(Montagu) of the European coast showed so little discrepancy 
that I have delayed coming to a definite conclusion until I should 
be able to compare it directly with specimens from that locality. 
This I have now been enabled to do through the kindness of 
Prof. G- O. Sars, of Christiania, Norway, and Mr. T. V. Hodgson, 
of Plymouth, England, who have generously supplied me with 

' The name for this genus has been commonly known and accepted as PAoxi- 
chilus since 1837 at least. It now appears that the first form described as a Phoxi- 
chiltis in reality belongs to Wilson's genus PseudopatUne, According to the iron- 
clad ** law of priority *' therefore, the name Phoxichiltis must now be used in place 
of PstudopdUtne for that genus, and hereafter all but specialists on Pycnogonlda 
will find what is to them an almost hopeless confusion of names if they ever have 
occasion to look up the literature on such a subject, say, as the circulation of the 
blood in this group, mentioned later in this paper. Stebbing (1902, p. 187) pro- 
posed the name Chilophoxus to take the place of Phoxichilus for those animals 
which have been universally known by the latter name. But the evil ball once 
started rolling could not be stopped here, for Norman (1908, p. 231) has pointed 
out that undoubtedly the first species described by Philippi (1843) under his genus 
Endeis " is congeneric at least. If not identical, with Pihalangium] spinosum Mon- 
tagu," which has so long been known as Phoxichilus spinosus, and is the subject 
of the present note. This being the case (and there would appear to be no doubt 
of the facts) Endeis of course takes precedence over Phoxichilus, and the name 
must therefore stand as Endeis spinosus (Montagu). 

When I began systematic work on the Pycnogonlda. more than ten years ago. 
I believed implicitly in the advantages to be gained by following strictly the law 
of priority; after considerable experience in observing its effects. I am inclined to 
agree with Thompson (1909, p. 537. footnote) when he remarks with regard to the 
instance just discussed: ** In my opinion this is a case where strict adherence to 
priority would serve no good end, but would only lead to great and lasting con- 
fusion." However, after much mental contention, I have decided for the present 
to be law-abiding, and to live in the hope that before long an agreement may be 
reached among zodlogists permitting the use of common sense in place of forcing 
blind' adherence to a law which, however good its intention, has seemed only to 
increase the instability and confusion in zoological nomenclature. 
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Specimens of undoubted Endeis spinosus from the Norwegian 
coast and from Plymouth, respectively. Furthermore, I have 
had one specimen, labelled ** Phoxichilus vulgaris," which I feel 
confident came from Naples, although no locality was given on 
the label. My reasons for believing that this specimen came from 
there are twofold: First, because it was with other Mediterra- 
nean pycnogonids, and second, because the name vulgaris, which 
European writers unanimously consider as a synonym of spinosus, 
has been used for this species only in that locality. Finally, 
in addition to those from Vineyard Sound I have from the 
American side of the Atlantic a number of specimens of Endeis 
from the Tortilgas, Florida. One of these I collected myself; 
the others were kindly sent to me by Dr. A. G. Mayer, director 
of the Marine Laboratory of the Carnegie Institution. 

After having compared carefully the specimens from these 
five widely separated localities, viz. , Naples, Plymouth, Norway, 
Vineyard Sound and the Tortugas, I am forced to the conclusion 
that in spite of their range and their difference in habitat, they 
in reality must all be considered as belonging to a single species, 
Endeis spinosus (Montagu). The Vineyard Sound specimens, 
it is true, appear in general a little stouter than those from 
Norway, due to the legs being proportionately a trifle shorter; 
this difference, however, is not great and is inconstant. The 
following table presents a number of proportions, based usually 
on the average of measurements of all the legs of from one to three 
or four specimens from each locality. The numbers of speci- 
mens measured were so small and the results are in general so 
irregular that not much importance can be attached to them. 
It will be noticed that in the proportion of the length of the 
femur to that of the coxal region, there is a gradual relative 
shortening of the femur as one goes from Naples up the European 
coast and down the American side to the Tortugas; the same is 
true in a general way for the relation of the trunk to the pro- 
boscis; while the relation of the trunk to total leg length is more 
irregular. This gradation in two of th« cases may or may not 
have any real significance.* 

' Owing to the comparatively small amount of differentiation in the four pairs 
of walJdng legs of the pycnogonids and to the fact that they present characters 
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ProporiiomaU li$aswrenunts of Endeis spinosus from Difereni Loccliiits. 
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Of even more interest than the mere fact of the occurrence 
of Endeis spinosus on the American coast is its peculiar pelade 
habitat on this side of the Atlantic. So far as I am aware, a 
pelagic habit among the Pycnogonida has not heretofore been 
reported, either for this species, which in Europe has been re- 
corded as dredged from shallow depths, or any other. In a 
previous paper (Cole, 1901, p. 197) I have called attention to 
the fact that Pallene brevirostris, a very slender pycnogonid 
which occurs at Woods Hole, swims actively if by chance it 
becomes free in the water; but ordinarily it lives among the 
hydroids and algse growing attached in shallow water. Curiously 
enough the specimens of Endeis from the Tortugas sent me by 
Dr. Mayer are all recorded as having l)een obtained from the 
''surface" or in the **tow." And in addition to these he has 
also sent me several specimens of Pallene and Nymphon (sixxnes 
as yet undetermined) which were obtained in the same manner. 
While enjo>nng the privilcgt^s of the Carnegie Lal)orator>' at 

(lin<^r dimm«(>n«) which can t>e mra^uird with ra«e and accuracy. U would Mrm 
that lhr*r animaU pr<*'«rnt rxcf piionally favorable mairrial lor a statistical «tudy 
ot diHcrrntuiion and corrrLation ol thev* ap[>rn<iaK<*^. N^'hat olxirr vat ions and 
roeasurrmrnt'* I have mailr uouhl srrm to imlitalc. lor rxampir. tlial the ratu> q^ 
the IrnKth ol the If|{s to the Uwly. and the corrrlalitin Ix'twrrn tlw Icj;^ thrmM*l\ra, 
variri uuh ihr aRf of the animal, and thai tlirrr i«i a p<**itivr c«>rTrlalion liel%krm 
(lie axe ol the inilividiial and the p«>^iiion of the Ir^* from lM*hind lorward. la 
other »i»ftl*. the iK^trrior jwir* ol \rti** prev^t more juvrnile ( liaf at trr^ than the 
anterior on«-^. Sut h a «iu'ly could Ik* made protitahly only on a «|»rt »r^ whuh 
ctiui'l l>e <tblain»*tl in a^lU^•^aa. r at all *taK«*^ of ijrowth. Ihr *|Mn ir^ uo'ler ctm- 
•idrration uould t>e«'X{rllrni f<*r ^xuh a «tudy. and Am^f^l *Jti*tvlM' UmtHf u aruKher 
that may be tibtain***! abun lan'K at \V»>«m1* Hole. NVluitr\rr rl<*e of grnrral In* 
trrr«i mi>;ht l>e liarnr*! thi- rr^u'M umiKl ^>r of the Kr<Ml»*«t val*if lo lh«* swtrmatut 
in thi« Kroup. nvlui lia« u« mM\ to <)«*al uith a »mall nunitirr {>f «|>«*t inirn* taken at 
»<.attere«! I<k alitir*. 



PECULIAR HABITAT OF A PYCNOGONID. igj 

the Tortugas in 1906, I myself obtained a live specimen of 
Endeis spinosus, the animal appearing in a finger bowl which 
I had just filled with sea water by means of a hand pump used 
for that purpose, thus showing that the pycnogonid must have 
been swimming freely in the water when it was sucked in by the 
pump. Whether these pycnogonids which were taken at the 
surface had merely become accidentally detached from their 
regular abodes, or whether certain species naturally swim freely 
in the water at certain times, I am not prepared to say. 

In the present connection the reaction of certain pycnogonids 
to light is of considerable interest. I have shown (Cole, 1901) that 
Anoplodactylus lentus and Pallene brevirostris, both of which can 
sustain themselves in the water by swimming,' move uniformly 
toward a source of light of moderate intensity (diffuse daylight). 
I was, furthermore, able to prove the same thing for Endeis, 
at least for the one specimen mentioned above as secured by 
myself at the Tortugcts^ the reaction being in all respects similar 
to that previously described for the other genera. The biological 
significance of this reaction in the case of Endeis, living among 
the hydroids on the gulf-weed, is at once apparent, for any in- 
dividual which by chance became detached from the hydroid 
would, in response to the light coming from above, swim upward 
instead of going down into the deeper water, and would in this 
way stand a much better chance of again finding suitable attach- 
ment. From the fact that the young of all stages appeared to 
be clinging as tenaciously to the hydroids as the adults, I am in- 
clined to believe that they probably do not have a definite free 
swimming stage, but swim only when circumstances make it 
necessary. 

The newly hatched larvae possess strongly developed chelifores 
and stout chelae by which they attach themselves to any avail- 
able object. Normally they remain clinging to the egg cluster 
on the legs of the male for some time after hatching. The use- 
fulness of these effective grasping organs is readily apparent, 
since without them the larvae would almost inevitably become 
detached and lost from their floating abode. I have elsewhere 
(Cole, 1904, p. 316) pointed out the usefulness of the chelifores 

* The " swimming *' consists simply of a vigorous kicking. 
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in preventing pycnogonid larvae from being swept off the hydroids 
by a swift tide. After metamorphosis the claws of the walking 
legs are used for attachment, while the chelifores then probably 
serve as feeding organs, as has been observed to be the case in 
AnofAodactylus (Cole, 1906) and Phoxichilidium (Loman, 1907). 

It seems worth while to call the attention of any who might 
care to investigate the embryology or anatomy of this group to 
the advantages of this species should it continue to appear in 
Vineyard Sound, where it is so readily accessible to the marine 
laboratories at Woods Hole. During the seasons it was observed 
all stages for a study of the embryology and later development 
were present in great abundance, while owing to its transi)arenc>\ 
it is very favorable for observing the internal anatomy, as well 
as some of the physiological functions of the living animal. The 
peristaltic movements of the intestinal ceca in the legs are easily 
discernible, and our knowledge of the circulation of the blood 
in the p>xnogonids has been derived largely from this species. 
The passage of food through the intestine and the extrusion of 
feces has been well described by Loman (1907) in the case of 
Phoxichilidium femorcUum} The question of the circulation 
has been touched upon by a numl>er of obser\'ers, being most 
thoroughly considered by Dohm (1881), but as this author makes 
no mention of earlier writers, it may be well to give here a brief 
r6sum6 of the literature on the subject, together with a few ad- 
ditional obser\'ations. 

Johnston (1837, pp. 374 and 379) appears to have Ix^n the 
first to mention a circulation of the fluids in the pycnogonid, 
his observations being made on the living **Orithyia coccinea'* 
{^ Phoxichilidium femoratum), Johnston, however, apparently 
mistook the branching intestine for blo(xl vessels, for he says 
(p. 374): **The circulating system is pmbably reduce<l to a single 
vessel which o<xupies the centre of the thoracic segments, and 
sends a branch to each meml)er or limb, in which the bl(Mx) has 
an irregular movement, but cannot Ix? said pn>fK*rly to circulate." 
On p. 379 he adds that **lhere is no heart." Milne-Edwards, in 
his "Hibtoire naturelle dt-s CrusiartV* (1840, p. 531), dismisst^s 

* Ph'>tts.htlt tium fem**r itum i^ w»-n known on our mm^I lo the n')rthwar<l i»{ ("aiic 
Cxi. 
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the matter with the statement that there exists ''une circulation 
vague." According to de Quatrefages (1845, pp. 75, 76) no 
heart or vascular system exists, but the blood is agitated back 
and forth in part by the movements of the legs and also by the 
muscular movements of the intestine, which he believed to lie 
freely in the internal space of the legs. Van Beneden (1846, pp. 
72, 73), observing a living Nymphon, was the first to make out 
a regular circulation. He states that the blood may be seen to 
flow dqwn one side of a leg and back the other, then into the 
next following leg, and so on to the last pair, after which he 
could not tell what course it takes. On account of the opacity of 
the intestine he could not determine whether there was a heart 
or dorsal vessel present, but he observed a contractile membrane 
at the bases of the legs. (It is probable that what he saw were 
the valves of the heart where that organ extended beyond the 
outline of the intestine.) 

Zenker (1852, pp. 382, 383), also studying Nymphon, was 
apparently the first really to see the heart. He describes it as a 
thin-walled sac with ramifying muscle fibers, the contour being 
most clearly discernible in the region of the last pair of legs. 
Three years later Krohn (1855) published a much fuller descrip- 
tion of the circulation, together with a figure of the heart of 
Endeis spinosus. Hoek (i88ia, 18816) described the structure 
of the heart in Colossendeis and certain other forms. According 
to him there are ordinarily three pairs of lateral ostia (the pos- 
terior pair being very close together) except in Pallene brevirostris, 
which has but two pairs. In the same year Dohm (1881) pub- 
lished the best description of the structure of the heart and of the 
circulation that has yet been given, his description being based 
principally again on Endeis, He found here two pairs of lateral 
ostia, with commonly, but not always, an unpaired aperture at 
the posterior end. There are no blood vessels aside from the 
heart, but the blood driven out from the anterior end of the 
heart is forced into the proboscis and runs back along the ventral 
side of the body, and from here it flows out into the legs. In 
general the direction of flow is centrifugal on the ventral side 
and centripetal on the dorsal side (except in the proboscis, where 
it is just the reverse). A thin membrane, which supports the 



200 



LEON J. COI^. 



intestine, keeps the two streams apart (cf. Fig. 2, sepL). Dohm's 
description of the heart agrees very closely with that of Hoek, 
it being an elongated sac with thin muscular walls, which, how- 




L 

X 



B 



Fic. I. A. api>arrnt changr 
in the ahapr of the hrart with 
contraction and rx()anition. a« 
M^n when virut^l from aU»ve 
in a living •tjin-inirn of EnJrtx 
i^nosus. S)ti<l line. c]ia«tolr; 
broken line. *y*iole. The ar- 
n»w« Miow the cour^ of the 
bl(MMl ^ht-re It^ «trraiiiinx 
coiihl iic ol>*ervrtl; tfte ojwoty 
of the tntr*iine and other or- 
gans prexmlrtl its iK'ing m-r-n 
In ottur i>.irt« /), a kintflf 
lateral »»*tPim viitti valve. 




I'CU 



Fig. 3. Diagrammatic cro«»*-)iecti<m oi the 
body of a pycno>Eonid through a pair of the 
lateral procc^-scii. illustrating the way in which 
the heart contracts: d.h.t., dorsal bUxKl space; 
d.iu,, dorsal cut iou la; k.. lumen of heart; k.v., 
*ide wall of heart fat diastole): h.w/, portion 
oi Hide wall ot )>eart at systole; int.. main Ion* 
gitu<linal trunk of intr«<tinr; int.c, intr»tinal 
cr<ura going to leg; srpt., iransveriic horizontal 
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jHi^i^nor e<lge of undrrlapping t utirula of the 
ptftft'iriK Mgmrni; x.g., ventral ganglion, 
f B.i'»"i on the cro'**'-'<t ticm cf a *i»c< ten of Sym^ 
phtm hgurcfl by I)<ihrn. 1881. pi. 15. fig. 10. 
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ever, do not rompletfly encloM* it, the dor^^il wall In-inK formed 
by the rhitinous intemmient of the hack (cf. FIk- 2). 

In rhowihilidium Jenwratum Loman fl<;07,j found that a 
b\stole of the heart «m c iirreti two or thrt*t* titne> each Mx^>nd, 
^hit h would 1)0 120 to l^C <«>nlr.i( ii»»uv to the mimite. A count 
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of the rate of the heart beat of Endeis spinosus which I made at 
Woods Hole, September 4, 1904, showed 172 contractions per 
minute, the rate slowing down in a short time after the animal 
had been mounted under a cover glass. The next morning other 
specimens showed a rate of 126 to 136 beats per minute. Fig. i, 
from a rough sketch made at the time, shows the position and 
shape of the heart; the dotted lines indicate the apparent change 
in shape as the muscular side walls contract, and the arrows show 
the direction of observable streaming of the corpuscles in the 
body fluid or blood. It must be remembered that owing to the 
attachment of the side walls to the dorsal integument they must 
be stationary at this point, the contraction of the muscles in the 
side walls tending to draw the sides together further down, thus 
reducing the capacity of the enclosed space (see Fig. 2). It is 
probable that with the alternate contraction and relaxation of 
the heart the transverse septum (sept,), which divides the body 
space into dorsal and ventral chambers, is raised (Fig. 2, sept.) 
and lowered to some extent, which would help to force the blood 
out into the legs at each systole and to draw blood from the legs 
into the pericardial space at the diastole. 

The two pairs of lateral ostia, opposite the lateral processes 
of the body for the attachment of the second and third pairs of 
legs respectively, could be plainly distinguished ; the single open- 
ing at the posterior end was somewhat less distinct. The stream- 
ing of the blood cephalad through this portion of the heart left 
no doubt, however, of the existence of such an opening, except 
in one case in which the blood could be seen to move back and 
forth in this region without a definite streaming forward. This 
would seem to confirm Dohrn's observation that in some cases 
there is no posterior terminal ostium, or at least it appears that 
if it existed in this instance it was closed and not functioning. 

Although, on the whole, there appeared to be a real circulation 
from the body out into the legs and back, this was rendered more 
or less indefinite by the peristaltic contractions of the intestine, 
which imparted a sort of churning motion to the blood and kept 
it moving back and forth. This was especially evident in the 
more expanded femoral joints; in the basal parts of the leg and 
in the tibia a more definite streaming could be observed. The 
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contractions of the intestinal ceca in the legs are more or less 
irregular. There were usually a few (two to four) peristaltic 
waves in one direction, and then they would change and go the 
opposite way for an equal time. In some cases the contraction 
appeared to start at one point and pass from there in both direc- 
tions along the intestine. In a specimen which had been mounted 
for some time under a cover glass these peristalses recurred at 
intervals of two or three seconds. 
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THE STRUCTURE OF THE SPERMATOPHORES OF 

AMBYSTOMA PUXCTATUM. 

BERTRAM G. SMITH. 

Since the recent paper of Wright and Allen ('09) has again 
directed attention to the breeding habits of Ambystoma puncta^ 
turn, it has occurred to me that a more careful description of the 
spermatophores than has yet been given might be of value in a 
comparative survey of the habits of the urodelcs. No adequate 
figures of these spermatophores have yet been published. 

The spermatophores of Ambystoma punctatum studied by me 
at Ann Arlwr (Smith, ^07) were not freshly deposited, and were 
not in the best possible structural condition for study; hence 
only a brief description, illustrated by a photograph, was at- 
tempted. Since then I have l)een able to study these structures 
in abundance under the best possible conditions. As evidence 
that the spermatophores were freshly deiK)site<l, there may be 
cited the fact that the sfx.Tmatozoa of some of them were found 
to Ik* active when examined in the lalx)rator>' seven hours after 
their colkx^tion. The results of this study have confirmetl the 
dt*scription previously given by me, in regard to distribution and 
general structuri», but have revealed the a>mmon cx-currence of 
a>mpound spermatophores, a condition previously unnoticed. 

In the early spring of i<>09, when the snow had nearly all dis- 
ap(K*are<l, I found sfx^cimens of Ambystoma punctatum and A, 
jeffersonianum, under nx-ks on the hillside near **Branchipus 
Pond,** al>out two miles from the campus of SyraruK* UniverNity. 
The study of the habits of theM? animals was undertaken in 
order, if iK)s,sil)le, to determine by direct ol>M»rvati<)n the exact 
pnK-e<lure in the jmHc^s of fertilization by means of six*nnato- 
phores in the ca^* of A. punctatum, ami to of)tain data in regard 
to A. jcfcrsonianum, in whi< h the manner of fertilization is 
entirely a matter of conjee tun*. 

Conditions made it ini|K»*-»-il)le to k(*t'p a very clo>t* v^atch of 
the fK)nd <liiring the hreitling M-avm, and the ahruptne>s of the 
i*<aiher( haniii*^rause<l nie to niis^the few (>j)iK)riunitieb for direct 

2 U 
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observation of the activites of the animals in the field, by means 
of a lantern at night. Specimens of both sexes were trans- 
ported to the laboratory and kept under observation in aquaria; 
several males of A, punctatum, and one of A. jeffersonianum, 
deposited masses of seminal fluid on the floor of the aquarium, 
but nothing resembling the formation of true spermatophores 
occurred. The largest of these masses was nearly 2 cm. long, 
and the quantity of sperm deposited by each individual was 
amply suflident to form a group of spermatophores. The be- 
havior of the sexes toward each other presented nothing that 
could be interpreted as normal breeding behavior. 

In the pond large numbers of spermatophores were deposited, 
and these were carefully studied, both in situ and in the labora- 
tory; but all the specimens collected were identified, with con- 
siderable certainty, as the product of A. punckUum. The failure 
to solve the main problems caused me to lay my notes and draw- 
ings aside, awaiting an opportunity to continue the investigation; 
but the conclusive results of Wright and Allen ('09) have made 
this unnecessary so far as regards A, punckUum, 

Identification of Species. — ^The fact that A. jeffersonianum 
occurs, though less abundantly, in the same region with A. puna* 
tatum made necessary a determination of the species of the sper- 
matophores found. The only available method seemed to be 
through a study of the spermatozoa. The material available 
consisted of spermatozoa from a considerable number of individ- 
uals of A. punctatuntf taken both at Syracuse and at Ann Arbor, 
and spermatozoa from one specimen of A, jeffersonianum, taken 
at Syracuse. Material from each individual was fixed by a 
variety of methods, stained, mounted and carefully measured 
under high powers of the microscope. The average measure- 
ments were as follows: 

Acrosomc 

A . punctalum 20 ^ 

A. jefersonianum 17/' 

It will be seen that the sperm of A. jeffersonianum is in general 
shorter than that of A. punctatum. The middle piece is most 
easily and accurately measured, and affords the readiest means 



Head. 


Middle Piece. 


Tail. 


Total Length. 


Il6i" 


15.0^ 


480 i" 


631.0// 


114^ 


II.3/' 


348-" 


490.3^ 
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of diflferentiating the two species. The range of variation in 
the length of the middle piece of A, punciaium (in several in- 
dividuals) is 14/i- i6/i; in A . jeffersonianum (in one individual) 
11.2 /i-ii.9/i. 

The fact that only one individual of A. jeffersonianum was 
considered of course militates against the acceptance of these 
results as absolutely conclusive; but since material was taken 
from several individuals of A. punctatum, and in all of these 
there was a decided difference from the results obtained from the 
single individual of A. jeffersonianum, it is highly probable that 
the species may be distinguished in this way. 

Spermatozoa were then taken from a dozen or more spermato- 
phores, each from a different group and presumably deposited 
by a different individual. This material was treated precisely 
as in the case of the spermatozoa described above. Somewhat 
to my surprise and disappointment, all the specimens conformed 
to the dimensions of the sperm of A . punctatum. 

Structure of the Spermalophores. — ^Two general types of sperma- 
tophores are recognizable: simple and compound. The com- 
pound spermatophores may be roughly divided into the vertically 
serial, and the Y-shaped types, the former by far the most com- 
mon; but both these conditions maybe found combined in one 
compound spermatophore. 

A s[x?rmatophore of the simple tyi)e is illustrated in Fig. i. 
It consists of an ex()anded hummocky base and a stout stalk, 
of ver>' clear, transi)arent, gelatinous material, surmounted by 
a dome-shaped mass of snowy-white seminal fluid. 

While to the naketl eye the stalk of a simple spermatophore 
is jx»rfectly clear, under a low fK)wer of the microsa)pe it is seen 
to pos>ess a delicate network of fil)n>us material. Under high 
jK)wer this is found to he made up of sjKirsely distributed sfx^rma- 
t(>z(Ki, interlaced to form a mesh work. In some sjxTmatophorcs 
the strands of this network assume considerable rt*gularity. 
There may l)e distinguished ri'^ular [uirallel strands extending 
in the dire< tion of the axis of the stalk, distrihutini at alx>ut 
e<)ual intervals through itssu!)stance; thi*M* strands are connected 
by more irregular cross-strands 

Evidently a few sjHTmatozoa are present in the cloaca at the 
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time when the stalk of the spermatophore is laid down, and these 
Bpermatozoa owe the regularity of their distribution to the 
papillated ridges of the cloaca. 

For comparison a drawing (Fig. 2) of a spermatophore of 
Diemyctylus viridescens, obtained from a specimen in captivity, 
is placed alongside the tigure of the simple spermatophore of 




Fic. I. Camera drawing of Bimple apermatophore of Ambysioma puiictaltim, 
X S- In t^ Bid in th« foUowliig figures the blackened portion is in nature snowy 

Fro. ». Camera drawing of a tpermatophore of DiUmyclylus virHesctm, X S- 

Ambystoma punclatum. (The spermatophore of Diemyctylus 
has been previously described and hgured by Jordan, '93.) 
Several spermatophores of Diemyctylus viridescens were avail- 
able for this study, but none of these differed essentially from 
the one figured. The average dimensions of twelve simple sper- 
matophores of Ambystoma punclatum taken at random, and of 
two uninjured spermatophores of Diemyctylus viridescens, are 
as follows : 

H.iglit. of Sptrm SUM. ofSuUk. 

A. punctalum 6.3 mm. 3.7 mm. 3.5 mm. 6.4 mm. 

D. tiritUsceni 8.0 " a.j " 0.3 " Ii.O " 

The simplest and most common case of compound spermato- 
phore is that in which one spermatophore is deposited directly 
on top of another (see Fig. 3). In the process of deposition of 
the second spermatophore the sperm ball of the first one is 
crushed into the form of an inverted cup covering the stalk of the 
first, and the sides of this cup are stamped with a characteristic 
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pattern by the fluted surface of the cloaca. This pattern re- 
minds one of the fainter meshwork seen with the aid of a micro- 
scope in the stalk of a simple spermatophore. 

By an increase in the number of spermatof^ores arranged in 
a vertical series we obtain the extreme form of the serial type 
shown in Fig. 4, which is made up of six simple spermatophores. 



5. Compound mwrniaiuplioim of Ambyitama pameMum. All 
vt» diawinii*. ' 5- 
numl aprrmalupltofe con«i<linj| o( (wo ilmplr apmiiBlopbom. 

nund >|>piiiialii|<linrr o( the vrti i> al-wi i>l lypc. 
•■•I c-j'* of Ihr V-'1id|Td Ijpe. 

?om«'wliat rarely, lompound s[HTmatophore« of the Y-shaped 
txje iKtK- .0 art' fnuiid. Thi** arc ap|iarently formt-d by the 
dtpoftiii'm o( cini- s[HTniati)phi>r<.' on the w'de of the nlalk of an- 
other. In !-evcral niMT mned. one arm of ihc Y-shajx-d stalk 
wa'- ;it:ain (imiiound, con-isiing of two or more spcrmatofihores 



SPERM ATOPHORES OF AMBYSTOMA PUNCTATUM. 20g 

Compound spermatophores are not all so regular in form as 
those figured. Sometimes successive spermatophores are packed 
together so closely that is it difficult to distinguish individuals 
in the complex; but while the first impression obtained from some 
of these spermatophores was that of great irregularity, closer 
study showed that all of them might be reduced to the vertical- 
serial type, the Y-shaped type, or a combination of these. 

Some of the sperm masses of the simple spermatophores, or 
the terminal one in the case of a compound spermatophore, were 
found considerably frayed as if from being taken up into the 
cloaca of a female; rarely, the entire ball of sperm was missing. 
It is of course possible that either condition might be accidental. 

In one hundred spermatophores taken at random, the number 
of each kind was as follows: 

1. Simple type 23 

2. Compound, two in vertical series 45 

3. Compound, more than two in vertical series 21 

4. Y-shaped, or combination of this type with (2) or (3) 11 

Total 100 

In none of the spermatophores examined was there any ap- 
proach to the complexity of structure shown in European urodeles 
by Zeller ('05). Zeller's drawings appear to me highly conven- 
tionalized. 

Discussion. — Of the various kinds of spermatophores of 
Ambystoma punctatum, the simple type is functionally the most 
perfect; yet even this is not so highly differentiated and struc- 
turally so well adapted for its purpose as the spermatophore of 
Diemyctylus viridescens. In case the of Diemyctylus, I have seen 
almost the entire ball of sperm removed from the very slender 
stalk by the female cloaca. In Ambystoma ^ on account of the 
thickness of the stalk affording a large surface for contact with 
the mass of spermatozoa, this would be more difficult, and ac- 
cording to the observations of Wright and Allen {*og) does not 
occur — only a very few sperms, comparatively, are detached 
and retained by the cloaca. 

The only mention of compound spermatophores that I find in 
the literature is in the case of the axolotl, described by Gasco 
('81). While in many cases the spermatophores deposited were 
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single, in one case the male was observed to return repeatedly, 
at intervals of several minutes, to the same spermatophore and 
deposit another on top of it, thus building up a compound sper- 
matophore consisting of seven simple sf>ermatophores. Whether 
the compound spermatophore of Amby stoma punctatum is built 
up in this way I have no means of deciding; it would seem quite 
as probable that the spermatophores were deposited in rapid 
succession, while the animal remained in one place — a condition 
not far removed from what occurs in external fertilization, in 
which a large amount of seminal fluid is discharged at once. 
In any case it is difficult to see that any advantage is gained by 
depositing one spermatophore on top of another and thereby 
destroying the efficiency of the one previously deposited. As 
already noted in the case of Amby stoma punctatum^ the spermato- 
zoa of these spermatophores retain their vitality in water for 
many hours. The formation of compound spermatophores of 
the vertical-serial type seems to me a useless and wasteful pro« 
cedure, and the large proportion of such spermatophores indicates 
that the spermatophore-forming habit is not highly evolved nor 
perfectly adapted to its purpose. 

In my previous paper (Smith, '07) on the breeding habits of 
Ambystoma punctatum, I ventured the prediction, based on the 
large number of spermatophores and the manner of their distri- 
bution, that the behavior of the adults in the fertilization process 
would be found to be simpler than in the case of Diemyctylus 
viridescens. In the latter case only a very few spermatophores 
are formed by each male, and particular safeguards are necessary 
in order to insure the delivery^ of at least one of them to the fe- 
male cloaca; these safeguards are furnished by the complicated 
but definite series of acts on the part of the adults which precedes 
and conditions the deposition of a spermatophore. Just as in 
the higher vertebrates economy of egg production is correlated 
with care of the young, so in Diemyctylus economy in the pro- 
duction of spermatophores is accompanied by a considerable 
amount of certainty as to their fate. This prediction as to the 
relative simplicity of the behavior of the adults of Ambystoma 
punctatum, the recent obser\'ations of Wright and Allen ('09) 
have abundantly justified. In the light of the observations on 



SPERMATOPHORES OF AMBYSTOMA PUNCTATUM. 211 

the Structure of the spermatophores recorded in the present 
paper, we can go further and say that the entire process of secur- 
ing fertilization by means of spermatophores is in Ambystoma 
punctatum more primitive, less highly adapted to secure its ob- 
ject with economy of material, than in Diemyctylus viridescens. 

ZcX^LOGiCAL Laboratory, 

University of Wisconsin, 
Madison, Wis. 
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II. ACT OF INCORPORATION 



No. 3170. 
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Be It Known, That whereas Alpheus Hyatt, William Sanford 
Stevens, William T. Sedgwick, Edward G. Gardiner, Susan Minns, 
Charles Sedgwick Minot, Samuel Wells, William G. Farlow, Anna D. 
Phillips and B. H. Van Vleck have associated themselves with the 
intention of forming a Corporation under the name of the Marine 
Biological Laboratory, for the purpose of establishing and maintain- 
ing a laboratory or station for scientific study and investigation, and 
a school for instruction in biology and natural history, and have 
complied with the provisions of the statutes of this Commonwealth 
in such case made and provided, as appears from the certificate of 
the President, Treasurer, and Trustees of said Corporation, duly 
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this office; 

Now, therefore, I, Henry B. Pierce, Secretary of the Common- 
wealth of Massachusetts, do hereby certify that said A. Hyatt, W. S. 
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ciates and successors, are legally organized and established as, and 
are hereby made, an existing Corporation, under the name of the 
Marine Biological Laboratory, with the powers, rights, and privi- 
leges, and subject to the limitations, duties, and restrictions, which by 
law appertain thereto. 

Witness my official signature hereunto subscribed, and the seal of 
the Commonwealth of Massachusetts hereunto affixed, this twentieth 
day of March, in the year of our Lord One Thousand, Eight Hun- 
dred AND Eighty-Eight. 

HENRY B. PIERCE, 
Secretary of the Commonwealth. 
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III. BY-LAWS OF THE CORPORATION OF 
THE MARINE BIOLOGICAL LABORATORY 



I. The annual meeting of the members shall be held on the second 
Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 12 
o'clock noon, in each year, and at such meeting the members shall 
choose by ballot a Treasurer and a Clerk, who shall be, €x officio, 
members of the Board of Trustees, and Trustees as hereinafter pro- 
vided. At the annual meeting to be held in 1897, not more than 
twenty-four Trustees shall be chosen, who shall be divided into four 
classes, to serve one, two, three, and four years, respectively, and 
thereafter not more than eight Trustees shall be chosen annually for 
the term of four years. These officers shall hold their respective 
offices until others are chosen and qualified in their stead. The Direc- 
tor and Assistant Director, who shall be chosen by the Trustees, shall 
also be Trustees, ex officio, 

II. Special meetings of the members may be called by the Trustees, 
to be held in Boston or in Woods Hole at such time and place as may 
be designated. 

III. The Gerk shall give notice of meetings of the members by 
publication in some daily newspaper published in Boston at least 
fifteen days before such meeting, and in case of a special meeting 
the notice shall state the purpose for which it is called. 

IV. Twenty-five members shall constitute a quonmi at any meeting. 

V. The Trustees shall have the control and management of the 
affairs of the Corporation ; they shall present a report of its condition 
at every annual meeting; they shall elect one of their number Presi- 
dent and may choose such other officers and agents as they may think 
best ; they may fix the compensation and define the duties of all the 
officers and agents; and may remove them, or any of them, except 
thoNc chosen by the meml>ers, at any time; they may fill vacancies 
occurring in any manner in their own number or in any of the offices. 
They shall from time to time elect meml)ers to the Corporation upon 
such terms and conditions as thcv mav think best. 

W, Meetings of the Trustees shall be called by the President, or 
l»v any two Trustees, and the Secretary shall give notice thereof bv 
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written or printed notice sent to each Trustee by mail, postpaid. 
Seven Trustees shall constitute a quorum for the transaction of busi- 
ness. The Board of Trustees shall have power to choose an Execu- 
tive Committee from their own number, and to delegate to such Com- 
mittee such of their own powers as they may deem expedient. 

VII. The President shall annually appoint two Trustees, who shall 
constitute a committee on finance, to examine from time to time the 
books and accounts of the Treasurer, and to audit his accounts at the 
close of the year. No investments of the funds of the Corporation 
shall be made by the Treasurer except approved by the finance com- 
mittee in writing. 

VIII. The consent of every Trustee shall be necessary to a dissolu- 
tion of the Marine Biological Laboratory. In case of dissolution, the 
property shall be given to the Boston Society of Natural History, or 
some similar public institution, on such terms as may then be agreed 
upon. 

IX. These By-Laws may be altered at any meeting of the Trustees, 
provided that the notice of such meeting shall state that an alteration 
of the By-Laws will be acted upon. 

X. Any member in good standing may vote at any meeting, either 
in person or by proxy duly executed. 



IV. REPORT OF THE TRUSTEES 



In making their last annual rqx>rt the trustees had to announce, 
with deep regret, the retirement of Professor Whitman from the 
directorship of the laboratory. As was stated in that report. Pro- 
fessor Whitman was succeeded, in August, 1909, by Professor 
Frank R. Lillie, whose annual report is submitted herewith. At 
the same time Professor Oilman A. Drew was appointed to 
succeed Professor Lillie as Assistant Director. The trustees 
desire to express their satisfaction that the high ideals of work 
and the spirit of cooperative endeavor, which the laboratory has 
so long striven to uphold, have been fully maintained, and that 
the institution has every reason to look hopefully to the future. 

The trustees announce with much pleasure that the plans look- 
ing towards the construction of a new and permanent laboratory 
building have in the past year made substantial progress. At the 
Baltimore meeting, in December, 1908, was announced a gift from 
the President of the Board of Trustees, Mr. Charles R. Crane, 
for the purchase of additional land at Woods Hole with a view 
to the future erection of such a laboratory building. With the 
approval of the donor, the fund thus acquired was used for the 
purchase of the tract known as the " Kidder lot," lying between 
the stone building and the street on which the original laboratory 
building faces. At the August meeting in 1909 Mr. Coolidge 
offered to prepare a tentative plan for a permanent fire-proof 
building, to be erected on this site, and a committee of the trustees 
was appointed to secure suggestions and details incident to the 
preparation of this plan, and to ccxiperatc with the Corporation 
committee on building. At the Boston meeting, in December. 
1009, a new committee was appointed to carry on this work, and 
it is hoped that during the present year the plans may take 
definite shape. 

The time has come when the laboratory should l)e provided 
with a building or buildinfjs commen«^urate with the extent and 
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importance of the work in which it is engaged, and which will not 
suffer by comparison with the laboratories of other institutions of 
similar aim. The steady expansion of our work in past years has 
from time to time made imperative the construction of new build- 
ings; and that these have fulfilled their purpose is abundantly 
demonstrated by the work that has been done in them. Owing to 
financial limitations, however, most of these buildings were of a 
flimsy and temporary character, sometimes erected in haste to 
meet an immediate and pressing need ; and they are not only in 
themselves imperfectly adapted to their purpose but have often 
called forth expressions of astonishment from foreign and other 
visitors that so much could have been accomplished with accom- 
modations so primitive. The cramped and often noisy working 
quarters, the unsteady foundations, imperfect equipment and 
inflammable nature of these buildings impress every worker and 
visitor at the laboratory ; and nothing is plainer than the need of a 
substantial, well equipped, safe and dignified new laboratory to 
form the principal center of the work at Woods Hole. The 
acquisition of a suitable site for this purpose is an important 
forward step, and the generous offer of Mr. Coolidge places the 
project before us in concrete form. It is the earnest hope of the 
trustees that the means may soon be found for carrying out the 
plans that are now being formulated; and it is their belief that 
when this has been done the laboratory will enter upon a new 
period of development that contains great possibilities of 
usefulness. 



V. TREASURERiS REPORT 



For the Year Ending December 31, 1909 

Income 

Annual dues $ 666.00 

Donations 17,240.00 

Miscellaneous : 

Interest on deposits $44^ 

Bath house 7845 

Mess (net) 26.74 

Rent of microscopes 49.00 

Sundries 6.85 20544 

Supply Department , 8,549.55 

Tuitions 3.708.35 $30,369.34 

Expenses 

Administration $ 900.00 

Advertising 80.72 

Biological Bulletin (net) 1,094.69 

Boats and launch 1,595.92 

Chemicals, chemist supplies, etc 659.32 

Fish trap (net) 1 13.16 

Instructors' salaries ; 2,725.00 

Insurance 98.78 

Interest 150.00 

I-abor 3.566.58 

Periodicals and library supplies 868.39 

Postage 79.24 

Real estate 7,600.00 

Repairs 1,011.21 

Sundries 2,262.09 

Supply department 6,380.69 $29,185.79 

Surplus $ 1,183.55 
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Itemized List of Sundry Expenses for the Year 1909 

Announcements $ 69.00 

Care of cemetery lot 2.00 

Cleaning 3S.oo 

Crash 50.45 

Dr. Drew's expenses 15749 

Dr. Lillie's expenses 371-35 

Engrossing Woods Hole greetings 20.00 

Exchange on checks 32.68 

Expenses W. C. Curtis 44.85 

Expenses purchase of Wnd at Woods Hole. . . 10.31 

Express 158.95 

Gardener 4.70 

Sundry supplies 169.06 

Hubbard, J. G., services 60.00 

Instruments, laboratory supplies I3i-I5 

Lamps 13.85 

Laundry 17.29 

Lecture expense 25.00 

Plowing 3.00 

Premium on bond 7.50 

Rent of microscopes ^. . 44.16 

Rent of typewriter 11.50 

Stationary, office supplies 129.40 

Sundries 32.43 

Teaming and livery 14.00 

Telephone 61.97 

Treasurer's office, clerical services 520.00 

Water 65.00 $2,262.09 



MARINE BIOLOGICAL LABORATORY 

INVESTMENTS 



JANUARY I, 1910 

Reserve Fund 

Amount of fund December i, 1899 $4f553i4 

Received from life memberships 600.00 

Income to January i, 1910 1,898.15 

Gain from sale of securities 372.20 

Paid for current expenses of laboratory 6,000.00 $1^349 

Reserve fund now consists of the following: 

$3000 Am. Tel. & Tel. Co. 4s, cost 2,921^5 

6 shs. Am. Smelting & Refining Co. pfd 732.00 

Cash 770.24 

4.42349 
The above stocks and bonds are held as collateral 

for loan of 3,000.00 142349 

Li BRAS Y Fund 

Amount of fund December i, 1899 866.15 

Income 62647 

Gain from sale of securities 74-^ 

Sale of rights 81 1.568.31 

Library Fund now consists of the following: 

3 shs. Am. Tel. & Tel. Co., cost 3^3-25 

I of $1000 Am. Tel. & Tel. Co. 4s, cost. .. . 77900 

I sh. Am. Smelting & Refining Co. Pfd., cost 122.00 

Cash 284.06 i»568.3i 

Lu(*BETiA Crock EE Fcnd 

Amount of fund December i, i8'>9 2,500.00 

Income after paying students* fees 48S.91 

Sale of rights .94 2,989.85 
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Lucretia Crocker Fund now consists of the following: 
18 shs. Vermont & Mass. R. R. Co., cost. . . . 2416.50 

I sh. West End St. Ry. Co., cost 83.00 

I sh. Am. Tel. & Tel. Co., cost 127.75 

^ of $1000 Am. Tel. & Tel. Co., 4s, cost 19475 

Cash 167.85 2,989.85 



REPORTS OF THE TREASURER, 

1906 TO 1909 



SUMMARY OF THE REPORTS OF THE TREASURER 

OF THE MARINE BIOLOGICAL LABORATORY 

JANUARY I, 1907, TO JANUARY i, 1910 

Receipts 

Cash on hand January i, 1907 $ 1.19 

Income for 1907 >5»7797o 

Income for 1908 17452.18 

Income for 1909 30,369.34 $63,60241 

Disbursements 

Expenses for 1907 $15,638.38 

Expenses for 1908 17476.25 

Expenses for 1909 29,185.79 

Cash on hand December 27, 1909 1,301.99 $63,60241 
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VI. THE DIRECTOR'S REPORT 



To THE Trustees of the Marine Biological Laboratory. 

Gentlemen: I have the honor to submit herewith a report on the 
work of the twenty-second session of the Marine Biological 
Laboratory for the year 1909. The year has been a successful 
one as measured by the growth of all departments, by the genuine 
and hearty cooperation of naturalists and institutions, and by the 
increase in our resources. If any confirmation were needed of 
the necessity and value of the work of the Laboratory, this year 
has furnished it. 

Trustees, — ^At the regular summer meeting of the corporation, 
the following new members were elected to the board of trustees : 
Nathaniel L. Britton, Director-in-Chief of the New York 
Botanical Garden, Alfred G. Mayer, Director of the Marine 
Laboratory of the Carnegie Institution, and George Lefevre, Pro- 
fessor of Zoology in the University of Missouri. The board is 
to be congratulated on the accession of these gentlemen to its 
membership, which is now complete, consisting of thirty-two 
regular members and four members ex officio. 

Staff, — ^The staff of investigation and instruction in 1909 com- 
prised twenty-seven members, representing seventeen universities 
and colleges. There was no change in heads of departments ; but 
a new course was offered by Professor Edward G. Spaulding on 
" Philosophical Aspects of Biology and Allied Sciences," which 
aroused much interest. The members of the staff of investig^i- 
tion rendered their services free. 

The work of organizing the library on a more effective basis 
received a great impetus owing to the efforts of the librarian, Dr. 
Knower. It is becoming increasingly important that more funds 
should be devoted to the purchase of books. There is no question 
that the enlargement of our library will greatly strengthen our 
position with the scientific public. 

Attendance. — The total attendance in 1909 was 129 as against 
100 in 1908. Of this number 66 were investigators and 63 stu- 
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dents. The gain was divided almost equally between investigators 
and students, fourteen of the former and fifteen of the latter. 
The class of beginning investigators alone showed a gain of lo, 
i6 in 1909 as against 6 in 1908. This was one of the most 
encouraging features of the session. We should continue our 
efforts to increase the attendance of this class of workers, because 
it is one of the most important functions o^ our Laboratory to 
assist in the making of investigators ; and because those who are 
to succeed us in the work of advancing our science and in the 
management of the Laboratory are represented by the younger 
investigators of to-day. 

Subscribing Institutiofus, — ^The number of subscribing institu- 
tions was 19 in 1909 as against 17 in 1908; Princeton University, 
Oberlin College, and the University of Missouri were new, and 
we hope permanent, accessions. We are still, however, far from 
having reached the limit of growth in this respect and we may 
confidently expect new additions. A committee of the board is 
now engaged in correspondence with institutions on this subject. 

Donations, — The president of the board has again provided for 
the deficit in running expenses. He has also presented the 
laboratory with a large piece of land having 157 feet of frontage 
on the main street and more than twice that on East Street, which 
unites our two main holdings and forms an ideal site for the 
erection of future permanent buildings. 

Supply Department, — The business of the Supply Department 
continues to grow in a satisfactory manner; it has been neces- 
sar>' to furnish Mr. Gray with two assistant collectors during the 
year instead of one as formerly, and a bookkeeper is also employed 
throughout the year, but the growth of the business has been 
more than sufficient to pay for the additional expense involved. 

In conclusion, I wish to express my thanks to the board of 
trustees for their hearty support and to the members of the staff 
for their loyal C(M)j)eration in the work of the I-aborator>-. 

There are appende<l as parts of this report (i) a list of the 
staff, (2) the name'i of subscribing institutions, (3) lists of 
investigators and students in attcnciancc, (4) a comparative 
tal)u1ar view of attendance, (5) the evening lectures, f6) a list 
of menilKTs (if the 0)r|X)rati(>n. 



THE STAFF, 1909 



F. R. LILLIE, Director, 
Professor of Embryology, University of Chicago. 

OILMAN A. DREW, Assistant Director, 
Profesor of Biology, University of Maine. 

ZOdLOGY 

I. INVESTIGATION 

Zodlogy and Embryology 

E. G. CoNKLiN Professor of Zoology, Princeton Univer- 
sity. 

Oilman A. Drew Professor of Biology, University of Maine. 

Ross 0. Harrison Professor of Comparative Anatomy, Yale 

University. 

Oeorge Lefevre Professor of Zoology, University of Mis- 
souri. 

Warren H. Lewis Associate Professor of Anatomy, Johns 

Hopkins University. 

Frank R. Lillie Professor of Embryology, University of 

Chicago. 

Thos. H.Montgomery, Jr. Professor of Zoology, University of Penn- 
sylvania. 

E. B. Wilson Professor of Zoology, Columbia University. 

(Absent in 1909.) 

II. INSTRUCTION 

WiNTERTON C. Curtis. . .Professor of Zoology, University of Mis- 
souri. 

OiDEON S. DoDDs Fellow in Zoology, University of Pennsyl- 
vania. 

A. S. Pearse Instructor in Zoology, University of 

Michigan. 

John W. Scott Westport High School, Kansas City. 
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Hbnry J. Spencer Assistant in Zoology, Columbia University. 

Edward E. WiLDM AN.... Central High School, Philadelphia. 

BlfBRYOLOOY 

I. ZNvesTiGATioif. (Sce Zoology) 

II. INSTmUCTION 

GiLMAN A. Drew Professor of Biology, University of Maine. 

LoRANDB L. Woodruff. .Assistant Professor of Biology, Yale Uni- 
versity. 

William E. Kellicott.. Professor of Biology, Woman's College of 

Baltimore. 

Robert A. BuDiNGTON... Associate Professor of Zoology, Oberlin 

College. 

PHYSIOLOGY 

I. INVISTICATIOK 

Albert P. Mathews. ...Professor of Physiological Chemistry, Uni- 
versity of Chicago. 

R. S. Lillie Instructor in Comparative Physiology, Uni- 
versity of Pennsylvania. 

II. INSTIt'CTIOIf 

H, H. Newman Professor of Zoology, University of Texas. 

Frank P. Knowlton. .. .Professor of Physiology, Syracuse Uni- 
versity. 

F.H.Pike Instructor in Physiology, University of 

Chicago. 

PHILOSOPHICAL ASPECTS OP BIOLOGY AND ALLIED 

SCIENCES 

LECTURES 

Edward G. Spa ulding. ..Assistant Professor of Philosophy, Prince- 
ton University. 

BOTANY 

George T. M(K)re Professor of Plant Physiology and Applied 

Botany, Washington University, 

Henby Kracmer Professor of Botany and Pharmacognosy, 

rhi!a<lclphia College of Pharmacy. 

M. B. Thomas Pntfcssor of Botany, Wabash College. 

GtouuF. R. Lyman XsNJ^tant F'rofc*»>or of Botany, Dartmouth 
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LIBRARY 

H. McE. Knower Associate in Anatomy, Johns Hopkins Uni- 
versity, Librarian. 

Oliver S. Strong Instructor in Anatomy, Columbia Univer- 
sity, Chemist 

G. M. Gray Curator of Supply Department. 

Jacob Schramm Wabash College, Collector in Botany. 

John Veeder Cockswain. 



INVESTIGATORS 

1909 



OOOUPTDfa ROOMS 

I. ZOdLOOY 

Addison, W. H. F., Univertity of PenntylTama. 

Bbckwith, Coia J., Instructor in Biology, Vmmt College. 

BsMTLEY, Madison, Assisunt Professor of Psychology, Cornell University. 

BuDiKOTON, RoBKST A., Assodstc Professor of Zoology, Oberlin College. 

Clakk, Eliot R., Instructor in Anatomy, Johns Hopkins Medical School 

CoNKLiN, £• G., - Prof essor of Zoology, Princeton University. 

Cuans, W. C, Professor of Zoology, University of Missouri. 

Dodos, Gideon S., Fellow in Zoology, University of Pennsylvania. 

Daiw, GiLMAN A., Professor of Biology, University of Maine. 

GoLDPASB, A. J., Investigator. Columbia University. 

GuDKSNATSCH, J. F., Instructor in Embryology and Experimental Morphology, 
Cornell University Medical School, New York City. 

Harrison, Ross G., Bronson Professor of Comparative Anatomy, Yale Uni* 
versity. 

Hasvby, B. C H., Assistant Professor of Anatomy, University of Chicago. 

KsLUCOTT, William £., Professor of Biology, Woman's College, Baltimore. 

King, Helen D., Assistant in Anatomy, Wistar Institute of Anatomy and 
and Biology. 

KiaxRAM, William B., Instructor in Biology, Yale University. 

Knowkk, H. McE., University of Toronto. 

Lbfsvrx, Gbosgb, Professor of Zoology, University of Missouri. 

Lillik, Fsank R., Professor of Embryology, University of Chicago. 

Lewis, Wassen H., Associate Professor of Anatomy, Johns Hopkins Uni- 
versity. 

McDoNOUGH, James, Decatur IlL 

McGiLL, Cakoline, Instructor in Anatomy, University of Missouri. 

Mayes, Alpred G., Carnegie Institution, Washington, D. C 

Montgomery. Tmos. H.. Ji., Professor of Zoology, University of Pennsylvania. 

Morgan, T. H., Professor of Experimental Zoology, Columbia University. 

MoRKiLL, C v., Lecturer in Histology and Embryology, Syracuse University. 

Ml' REACH, Louis, Central High School, Detroit, Mich. 

Payne, Fernanoir, University of Indiana. 

Pearse, a. S., Instructor in Zoology, University of Michigan. 

QiAtKENBi-sH. U S., Columbia Uni\ersity. 

Kit ketts, H. T.. Assistant Professor of PstholoKy, University of Chicago. 

StoTT. John W.. Wcsiport High School, Kansas City. Mo. 

SrrxEH. Hfmry J., Assistant in Ziwlogy, Columbia University. 

SiotKASD. Charlls R., Assjsiant Prole%sor of Embryology and Comparmtivt 
Anatomy, Cornell Mrdicsl School. 
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Strong, Oliver S., Instructor in Anatomy, Columbia University. 

WiLDMAN, Edward £., Central High School, Philadelphia, Pa, 

Wilson, E. B., Professor of Zoology, Columbia University. 

WooDRUPP, L. L., Assistant Professor of Biology, Yale University. 

Yerxes, Robert M., Professor of Comparative Psychology, Harvard University. 

a. PHYSIOLOGY 

Bradley, Harold C, Assistant Professor of Physiological Chemistry, Uni- 
versity of Wisconsin. 

Bunzel, H. H., University of Chicago. 

Knowlton, Frank P., Professor of Physiology, Syracuse University. 

LiLLiE, R. S., Instructor in Physiological Zoology, University of Pennsylvania. 

Mathews, Albert P., Professor of Physiological Chemistry, University of 
Chicago. 

Newman, H. H., Professor of Zoology, University of Texas, 

Pike, Frank H., Instructor in Physiology, University of Chicago. 

3. BOTANY 

Kraemer, Henry, Professor of Botany and Pharmacognosy, Philadelphia Col- 
lege of Pharmacy. 

Lyman, George R., Assistant Professor of Botany, Dartmouth College. 

Moore, George T., Professor of Plant Physiology and Applied Botany, Wash- 
ington University, St Louis. 

Thomas, Mason B., Professor of Botany, Wabash College. 

OOOUPYIKa TABLES 

I. ZOOLOGY 

BooNE, W. D., University of Missouri. 

Bragg, Luther C, Assistant Entomologist, Agricultural College, Fort Collins, 

Colo. 
Browne, Ethel N., Instructor in Mathematics and Science, Bennett School, 

Millbrook, New York. 
Carter, J. L., University of Missouri. 

Chidester, Floyd E., Instructor in Biology. DePauw University. 
Edwards, Dayton J., Tutor in Natural History, College of the City of New 

York. 
Grave, B. H., Associate Professor of Zoology, Earlham College, Richmond, 

Indiana. 
Harvey, E. Newton, Columbia University. 
Linton, Eleanor A., Smith College. 
McKiBBEN, Paul S., University of Chicago. 

Shorey, Marian L., Professor of Biology, Milwaukee-Downer College. 
Thompson, Crystal, Umversity of Michigan. 
Spooner, Georgina B., Columbia University. 
Wallace, Edith M., Instructor in Zoology, University of Maine. 

a. PHYSIOLOGY 

Hughes, Winona A., Instructor in Chemistry, Mount Holyoke College. 
TiNKHAM, Florence L., 56 Temple Street, Springfield, Mass. 



STUDENTS 

1909 



INVERTEBRATE ZOOlOOY 

1. Ai»OTT, Makgaret B.. 413 W. Front Street, Plainfield, M«m. 

2. Anderson, Sarah R«, Readville, Mass., c/o A. L. Rotch« 

3. Bayer, M. Elizabeth, Woman't College, Baltimore. 

4. Belt, Mabel, Woman's CoUefe, Baltimore. 

5. Bryan, Mary M., Teacher, Mary Inatitttte, St Lotait. Mo. 

6. Clarke, Helen Dorothy, i Autumn St, Fenway, Boston, Mass. 

7. Farmer, Chester J., Teaching Fellow in Biological Chemistry, Harvard 

Medical SchooL 

8. Farm HAM, Charlotte, Instructor in Biology, High School, Pougfakeepde. 

9. Forbes. W. T. M., Fellow, Clark University. 

10. Frankun, George Dwight, Assistant in Zoology, American Museum of 

Natural History. 

11. Gannett, Charlotte K., Vassar College. 

I a. Gannett, Lewis Stiles, University of Rochester. 

1 3. GiLMORE, Ralph J., Instructor, Lehigh University. 

14. CrOLORCRGER, JosEPH, Assistant Surgeon. Hygienic Laboratory, Washington. 

15. IsELEY, F. B., Instructor in Biology, University of Oklahoma. 

16. Jl'St, EkNLST £., Instructor, Howard University. 

17. Leavitt, George C. University of Maine. 

18. Leonard, Helen A., Vassar College. 

19. Nicholson, Mary, Western College, Oxford, Ohio. 
JO. Obcr, Marion K.. High School, Katonah, N. Y. 

21. Ogden, Harold B., Instructor, Park College, Park>itle, Mo. 
21, Osborne, Frank J., University of Rochester. 

33. Mlllcm, Ida M., Brooklyn, New York. 

34. Petti rone, C. J. V.. Research Assistant Biological Chemistry, Harvard 

Medical School. 
»5. Prkntiss, Hi.vrutta, Inttructor in Zoology, Normal CoIIcrc. New York City. 
a6. REOLtiNos. LisLiL H., Northwestern University. 
27, Reid. Charlls D. Jr., Johns Hopkins Medical School. 
j8. K(H>T, FiANds M.. Oberlin College. 
JV. Ri ^o. Au\, Laboratory Assistant, ()l)erlin College. 

30. Rr<««>tLL, Frfmhick F., Curator Army Medical Museum, Washington, D. C. 

31. Showai.tir. Bin jam in R., Steele HiRh School. Dayton. Ohio. 
3J, Stiulino, El or me. 11J9 Louisiana St., l^wrence. Kan«a«. 

33. SiotkiNG, Ri'TM J., Woman's CoIleRe. Baltimore. • 

34. Will*. I-ai ra P., Mount HoI>oke College. 

35. W*TTlll^, FioBFMi A., Smith Cnllcge. 

36. WmoiiT, AiBiiiT H.. Iniiructor in Zoology, Cornell University. 
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EMBRYOLOGY 

1. Armington, Sarah R., Ingleside School, New Milford, Conn. 

2. Clark, Mary A., Instructor, Mount Holyoke College. 

3. Dawson, Ava B., 97 Mountfort St., Boston, Mass. 

4. Day, Lucy W., Laboratory Assistant, Mount Holyoke College. 

5. Ferguson, J. S., Assistant Professor of Histology, Cornell Medical School. 

6. Holt, Caroline M., Instructor in Zoology, Wellesley College. 

7. HowLAND, Ruth B„ Sweet Briar College, Va. 

8. Packard, Charles, Instructor in Biology, Williams College. 

9. Rbinke, Edwin £., xx6 South New Street, Bethlehem, Pa. 

10. RoMiNB, A. P., Instructor in Zoology, State Normal School, Bellingham 

Wash. 

11. Smith, Bertram G., Instructor in Zoology, University of Wisconsin. 

12. Tompkins, Elizabeth M., White Plains High School, New York. 

PHYSIOLOGY 

1. Carr, Emma P., University of Chicago. 

2. Hayes, Charles H., Professor of Christian Apologetics, General Theologi- 

cal Seminary, New York City. 

3. Hayes, Samuel P., Professor of Psychology, Mount Holyoke College. 

4. Ives, Judson D., Instructor in Biology, Wake Forest College, N. C. 

5. Pell, Edith A., 306 Clifton Avenue, Newark, N. J. 

6. Raymond, Edward H., 568 Fifth Avenue, New York City. 

7. Seeley, Louise H., Jersey City High School, N. J. 

8. Stewart, Frances E., 414 N. Normal Park Way, Chicago, 111. 

BOTANY 

1. Hesler, Lex R., Wabash College. 

2. Jennison, Harry M., Massachusetts Agricultural College, Amherst. 

3. Paige, Beryl H., Mount Holyoke College. 

4. Schoonover, Elizabeth H., Smith College. 

5. Spalding, Caroline, Wellesley College. 

6. Taylor, Arthur W., Teacher, Salem, Mass. 



TABULAR VIEW OF ATTENDANCE 



1907 

Investigators — ^Total 60 

Occupying Rooms 

Zoology 32 

Physiology 8 

Botany 10 

Occupying Tables 

Zoology 9 

Physiology i 

Students — Total 47 

Zoology 34 

Embryology 

Physiology 4 

Botany 9 

Univkbsities and Colleges Represented. 47 

Investigators 26 

Students 21 

Schools Represented 13 

Investigators 4 

Students 9 



•go* 


■m 


52 


66 


33 


39 


6 


7 


8 


4 


6 


14 




a 


48 


63 


>9 


36 


>S 


13 


3 


9 


II 


6 


51 


47 


35 


27 


36 


30 


S 


14 


3 


3 


3 


If 



234 



SUBSCRIBING INSTITUTIONS, 1909 



Academy of Natural Sciences, Philadelphia. 

Mount Holyoke College. 

Rochester University. 

Smith College. 

University of Chicago. 

Columbia University. 

University of Pennsylvania, 

Vassar College. 

University of Michigan. 

Wellesley College. 

University of Missouri. 

WisTAR Institute of Anatomy and Biology. 

Woman's College of Baltimore. 

Yale University. 

Princeton University. 

Vassar Brothers' Institute. 

Northwestern University. 

Oberlin College. 

University of Kansas Woman's Table Supported by Mrs. 
Robinson. 

LucRETiA Crocker Scholarship, Boston Public Schools. 
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EVENING LECTURES, 1909 



T. H. Morgan " M endelian Inheritance of Coat and 

Eye Color in Mice " July 6. 

A. P. Mathews "The Mechanism of Some Proto- 
plasmic Combustions " July 9. 

Ross G. Harkison " Protoplasmic Movement as a Fac- 
tor in the Development of the 
Nervous System " July 13. 

C. B. Davenport "Variation in Dominance" July 16. 

Henry Kraemer "Experiments on the Modification 

of Color in Plants " July 23. 

T. H. Montgomery, Jr..." Architectural Habits of Spiders" July 27. 

W. L. Tower " The Role of External Factors in 

Variation and Heredity " .... July 29. 

H. H. Newman "A Unique Form of Reproduction 

in the Nine-banded AmudiUo " July 30. 

M. M. Metcalf " The Protozoan Nucleus " Aug. 6. 

C. H. EiGENMANN "An Expedition to British Guiana 

and the Kaieteur " Aug. 9. 

G. H. Parker " Sponge Reactions and the Origin 

of the Nervous System " . . . . Aug. 11. 
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MEMBERS OF THE CORPORATION OF THE 
MARINE BIOLOGICAL LABORATORY 



Life Members 

Allis, Mr. Edward Phelps, Jr., Palais Carnoles, Menton, 
France. 

Andrews, Mrs. Gwendolen Foulke, 821 St. Paul St., Balti- 
more, Md. 

Billings, Mr. R. C, 66 Franklin Street, Boston, Mass. 

Carey, Mr. Arthur Astor, Fayerweather Street, Boston, Mass. 

Clarke, Prof. S. F., Williams College, Williamstown, Mass. 

CoNKLiN, Dr. E. G., Princeton University, Princeton, New 
Jersey. 

Crane, Mr. C R., 2559 Michigan Boulevard, Chicago, 111. 

Davis, Major Henry M., Syracuse, New York. 

Endicott, William, Jr., 31 Beacon St., Boston, Mass, 

Evans, Mrs. Glendower, 12 Otis Place, Boston, Mass. 

Farlow, Prof. W. G., Harvard University, Cambridge, Mass. 

Fay, Miss S. B., 88 Mt. Vernon Street, Boston, Mass. 

FoLSOM, Miss Amy, 88 Marlborough St., Boston, Mass. 

Foot, Miss Katharine, 80 Madison Avenue, New York City. 

Gardiner, Miss Eugenia, 15 West Cedar Street, Boston, Mass. 

Hammond, Mr. G. W., Hotel Hamilton, Boston, Mass. 

Hannaman, Mr. Charles E., 103 First Street, Troy, New York. 

Harrison, Provost C. C, University of Pennsylvania, Phila- 
delphia, Pa. 

Herter, Dr. C. A., 819 Madison Avenue, New York City. 

HiGGiNSON, Mr. Henry L., 191 Commonwealth Avenue, Boston, 
Mass. 

Jackson, Miss M. C, 88 Marlborough Street, Boston, Mass. 

Jackson, Mr. Charles C, 24 Congress Street, Boston, Mass. 

Kennedy, Mr. George G., 284 Warren Street, Roxbury, Mass. 

Kidder, Mr. C. G., 27 William Street, New York City. 
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Kidder, Mr. Nathaniel T., Milton, Mass. 

King, Mr. Charles A. 

Lee, Mrs. Frederic S., 279 Madison Avenue, New York City. 

Lowell, Mr. A. Lawrence, 171 Marlborough Street, Boston, 
Mass. 

Mason, Miss E, F., i Walnut Street, Boston, Mass. 

Mason, Miss Ida M., i Walnut Street. Boston, Mass. 

Means, Mr. James Howard, 196 Beacon Street, Boston, Mass. 

Merriman, Mrs. Daniel, Worcester, Mass. 

Minns, Miss Susan, 14 Louisburg Square, Boston, Mass. 

Minns, Mr. Thomas, 14 Louisburg Square, Boston, Mass. 

MiNOT, Dr. Charles S., Harvard Medical School, Boston, Mass. 

MiXTER, Miss M. C, 241 Marlborough Street, Boston, Mass. 

Morgan, Mr. J. Pierpont, Jr., Wall and Broad Streets, New 
York City. 

Morgan, Prof. T. H., Columbia University, New York City. 

Morgan, Mrs. T. H., New York City. 

NoRCRoss, Miss Laura, 9 Commonwealth Avenue, Boston, Mass. 

NovES, Miss Eva J., 28 South Willow Street, Montclair, N. J. 

NuNN, Mr. LuclAN L., Telluride, Colo. 

OsBORN, Prof. Henry F., American Museum of Natural History, 
New York City. 

Pell, Mr. Alfred, Highland Falls, Orange County, N. J. 

Phillips, Dr. John C, 299 Berkeley Street, Boston, Mass. 

Phillips, Mrs. John C, 299 Berkeley Street. Boston, Mass. 

Porter, Dr. H. C, L'niversity of Pennsylvania, Philadelphia, Pa. 

PrLsiFER, Mr. W. H., Newton Center, Mass. 

RoGEBS, Miss A. P., 5 Joy Street, Boston, Mass. 

Rogers, Mrs. William B., 117 Marlborough Street, Boston, 
Mass. 

Sears, Dr. Henry F., 420 Beacon Street, Boston, Mass. 

Shei>d, Mr, E. a. 

Smith, Mrs. C. C, 286 Marlborough Street, Boston, Mass. 

Strobeu-, Miss E. C, 80 Madison Avenue. New York City. 

Thorndike, Dr. Edward L., Teachers* College, Columbia Uni- 
versity, New York City. 

Tri.ik\>k, PRnr. WiixiAM, Mlssouri P»otanicaI Gardens, St. 
Louis. Mo. 
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Ware, Miss Mary L., 41 Brimmer Street, Boston, Mass. 
Warren, Mrs. S. D., 67 Mt Vernon Street, Boston, Mass. 
Whitman, Dr. C. O., University of Chicago Chicago, 111. 
Whitney, Mr. Henry M., Brookline, Mass. 
WiLLCOx, Miss Mary A., Wellesley College, Wellesley, Mass. 
WiLMATH, Mrs. H. D., Elliott Street, Jamaica Plain, Mass, 
Williams, Mrs. Anna P., 505 Beacon Street, Boston, Mass. 
Wilson, Dr. E. B., Columbia University, New York City. 
Wilson, Prof. W. P., Philadelphia Museum, Philadelphia, Pa. 



MEMBERS OF THE CORPORATION OF THE 
MARINE BIOLOGICAL LABORATORY 



December, 1909 
Adams, C. P., University of Arkansas, Fayettevillc, Ark. 
Addison, W. H. P., University of Pennsylvania, Philadelphia, Pa, 
Alsburg, Carl S., U. S. Dept. Agriculture, Washington, D. C. 
Baker, E. H., 5444 Catherine St., Philadelphia, Pa. 
Bardeex, C. R., University of Wisconsin, Madison, Wis. 
Beckwith, Cora J., Vassar College, Poughkeepsie, New York. 
BiCELOW, Robert P., Mass. Inst, Technology, Boston, Mass. 
Blatchford, E. W., nil Lasalle Ave., Chicago, 111. 
Brookover, Charles, Buchtel College, Akron, Ohio. 
Browne, Ethel N., Bennett School, Millbrook, New York. 
Buckingham, Edith N., 342 Marlborough St., Boston, Mass. 
Blt)INGTON, Robert A., Oberlin College, Oberlin, Ohio. 
Bum PUS, H. C, American Museum of Natural History, New 

York City. 
Byrnes, Esther P., 193 Jefferson Avenue, Brooklyn, N. Y. 
Calkins, Gary N., Columbia University, New York City. 
Calvert, Philip P., University of Pennsylvania, Philadelphia. 
Caruson, a, J., University of Chicago, Chicago, III. 
Catteix. J. McKeen, Garrison-on-Hu(lson, New York. 
Chester, Webster, Colby College. Waterville, Me. 
Chidester, Flo^d E., DePauw University, Greencastle, Ind. 
Child. C. M., University of Chicago. 
Clxpp, Cornelia M., Mount Holyoke College, South Hadley, 

Mas<. 
Ci-\RK, Eliot R., Johns Hopkins University, Baltimore, Md. 
Colton, H. C, 3409 Powcllion Avenue. Philadelphia, Pa. 
CoMST<K K. J. H., Cornell University, Ithaca, New York. 
i'\ HI IS, W. C, University of Missouri, Columbia, Mo. 
I)\vi<, W. H., 303^ N. 15th St., Philadelphia, Pa. 
DiMnv. Ahk.nu, C., 3^7 Genesee Street, Utioa. New York. 

340 



THE director's REPORT, 24 1 

Donaldson, H. H., Wistar Institute of Anatomy and Biology, 

Philadelphia. 
DoRRANCE, Ann, Dorranceton, Pa. 
DoRRANCE, Frances, Dorranceton, Pa. 
Drew, Oilman A., University of Maine, Orono, Me. 
Eaton, E. H., Hobart College, Geneva, N. Y. 
EiGENMANN, C. H., University of Indiana, Bloomington, Ind. 
Field, Irving, A., Western Maryland College, Westminster, Md. 
Ferguson, J. S., Cornell University Medical School, New York 

City. 
Freeman, Miss Harriet E., 37 Park St., Boston, Mass. 
Gage, S. H., Cornell University, Ithaca, N. Y. 
GiES, W. H., 437 W. 59th St., New York City. 
Glaser, O. C, University of Michigan, Ann Arbor, Mich. 
Goldfarb, a. J., Columbia University, New York City. 
Greenman, M. J., Wistar Institute of Anatomy and Biology, 

Philadelphia, Pa. 
Gregory, Louise H., 1230 Amsterdam Avenue, New York City. 
Hargitt, C. W., Syracuse University, N. Y. 
Hall, Robert W., Lehigh University, Bethlehem, Pa. 
Harrison, A. C, Woods Hole, Mass. 
Harrison, Ross G., Yale University, New Haven, Conn. 
Harvey, B. C. H., University of Chicago. 
Hayes, S. P., Mt. Holyoke College, South Hadley, Mass. 
Heath, Harold, Stanford University, Calif. 
Hoar, D. Blakely, 161 Devonshire Street, Boston, Mass. 
Holmes, S. J., University of Wisconsin, Madison, Wis. 
Hargitt, C. W., Syracuse University. 
Jackson, C. M., University of Missouri, Columbia, Mo. 
Jayne, Horace, Wistar Institute of Anatomy and Biology, 

Philadelphia. 
Jennings, H. S., Johns Hopkins University, Baltimore, Md. 
Jones, Lynds, Oberlin College, Oberlin, Ohio. 
Jordan, H. E., University of Virginia, Charlottesville, Va. 
Kellicott, W. E., Woman's College, Baltimore, Md. 
Kennedy, Harris, Readville, Mass. 
King, Helen D., Wistar Institute of Anatomy and Biology, 

Philadelphia. 



243 MARINE BIOLOGICAL LABORATORY. 

Kingsbury, B. F., Cornell University Medical College, Ithaca, 

N. Y. 
KiNGSLEY, J. S., Tufts College, Mass. 
KiRKHAM, W. B., Yale University, New Haven, Conn. 
Knower, H. McE., University of Toronto, Toronto, Can. 
Knowlton, F. p., Syracuse University, Syracuse, N. Y. 
Kraemer, Henry, 424 S. 44th Street, Philadelphia, Pa. 
Kribs, Herbert, University of Pennsylvania, Philadelphia. 
Lee, F. S., 437 W. 59th St., New York City. 
Lefevre, George, University of Missouri, Columbia, Mo. 
Lewis, Warren H., Johns Hopkins University, Baltimore, Md. 
LiLLiE, F. R., University of Chicago. 
Linton, Edwin, Washington and Jefferson College, Washington, 

Pa. 
LoEB, Jacques, University of California, Berkeley, Calif. 
LoEB, Leo, University of Pennsylvania, Philadelphia. 
LuscoMBE, Walter O., W^oods Hole, Mass. 
Lyman, George R., Dartmouth College, Hanover, N. H. 
Lyon, E. P., St. Louis University Medical School, St. Louis, Mo. 
McClendon, J. S., Cornell Univ. Medical School, New York 

City. 
McGiLL, Caroline, L^niversity of Missouri. 
McGregor, J. H., Columbia University, New York City, 
Mackenzie, Mary D., Western College. Oxford, O. 
McKiBBEN, Paul S., L^nivcrsity of Chicago. 
McMmRicH, J. P., University of Toronto, Canada. 
Mall, F. P., Johns Hopkins Univ., Baltimore, Md. 
Mast, S. O., Johns Hopkins University, Baltimore, Md. 
Mathews, A. P., University of Chicago. 
Mayer. A. G., Maplewood, N. J. 
Meek, W. J.. Wc^tficld. Pa. 

Meigs, E. B., Harvard Medical School, Boston, Mass. 
Meltzer, S. J., 13 W. I2ist St., New York City. 
Metcalf, M. M., Oberlin College. O. 
Minor, Marie L., Wadleigh High Sch<K>l, New York City. 
MoENKHAUS, W. J., University of Indiana, Bloomington, Ind. 
Montgomery, T. H., Jr., University of Pennsylvania. 
M<H)RE, G. T., Wa^-liinjjton University, St. I^uis, Mo. 



THE director's REPORT. • 243 

Moore, J. Percy, University of Pennsylvania. 

Morgan, H. A., Agricultural Experiment Station, Knoxville, 

Tenn. 
Morrill, A. D., Hamilton College, Clinton, N. Y. 
Morrill, Charles V., Syracuse University, College of Medicine, 

N. Y. 
Morse, Max, College of the City of New York, New York City. 
MuRBACH, Louis, 950 Cass Avenue, Detroit, Mich. 
Nachtrieb, H. F., University of Minnesota, Minneapolis, Minn. 
Neal, H. v., Knox College, Galesburg, 111. 
Newman, H. H., University of Texas, Austin, Texas. 
Nichols, Miss M. L., 3207 Summer Street, Philadelphia. 
Oglevee, C. S., Lincoln, 111. 

Ortmann, a. E., Carnegie Museum, Pittsburg, Pa. 
OsBURN, Raymond C, Barnard College, Columbia University, 

New York City. 
Packard, Charles, Williams College, Williamstown, Mass. 
Packard, Wales H., Bradley Polytechnic Institute, Peoria, 111. 
Parker, G. H., 16 Berkeley Street, Cambridge, Mass. 
Patten, Miss J. B., Simmons College, Boston, Mass. 
Payne, Fernandus, University of Indiana, Bloomington, Ind. 
Pearse, a. S., University of Michigan, Ann Arbor, Mich. 
Pike, Frank H., University of Chicago. 
Porter, William T., 688 Boylston Street, Boston, Mass. 
Quackenbush, L. S., 27 W. 73d St., New York City. 
Randolph, Harriet, Bryn Mawr College, Pa. 
Rankin, Walter M., Princeton University, N. J. 
Rea, Paul M., The Charleston Museum, Charleston, S. C. 
Reighard, Jacob, University of Michigan, Ann Arbor, Mich. 
Rice, Edward L., Ohio Wesleyan University, Delaware, Ohio. 
RiCKETTS, H. T., University of Chicago. 
RoMiNE, A. P., State Normal School, Bellingham, Wash. 
Scott, John W., Westport High School, Kansas City, Mo. 
Scott, G. G., College of the City of New York, New York City. 
Scott, W. B., Princeton University, N. J. 
Shorey, Marian L., Milwaukee-Downer College, Milwaukee, 

Wis. 
Smith, Bertram G., University of Wisconsin, Madison, Wis. 



244 MARINE BIOLOGICAL LABORATORY. 

Smith, Erwin F., U. S. Dqwrtment of Agriculture, Washington, 
D. C 

SoLLMAN, ToRALD, Westcm Rcservc University, Qeveland, Ohio. 

Spencer, Henry J., Columbia University, New York City. 

Spooner, Georgina B., Columbia University, New York City. 

Stockard, C. R., Cornell Univ. Medical School, New York City. 

Streeter, George L., University of Michigan, Ann Arbor, Mich. 

Strong, O. S., 437 West 59th Street, New York City. 

Strong, R. M., University of Chicago. 

Sumner, F. B., Woods Hole, Mass. 

Taylor, Katherine A., 1304 Eutaw Place, Baltimore, Md. 

Teknent, D. H., Bryn Mawr College, Pa. 

Terry, O. P., Indiana Medical School, Lafayette, Ind, 

Thompson, Caroline B., 195 Weston Road, Wellesley, Mass. 

Thomas, Mason B., Wabash College, Crawfordsvillc, Ind. 

TiNKHAM, Florence L., 56 Temple Street, Springfield, Mass. 

Tower, W. L., University of Chicago. 

Thompkins, Euzabeth M., High School, WTiitc Plains, N. Y. 

Treadwell, a. L., Vassar College, Poughkeepsie, N. Y. 

Usher, Susannah, 1007 W. Illinois St., Urbana, 111. 

Watson, Frank E., 29 Maywood St., Worcester, Mass. 

Waite, Frederick C, Western Reserve Medical School, Qeve- 
land, Ohio. 

Wheeler. Isabel, The Loiston, Toledo, Ohio. 

WiEMAN, H. L., University of Cincinnati, Cincinnati, Ohio. 

Wilcox, Alice W., 165 Prospect Street, Providence, R. I. 

WiLDMAN, Edward E., 4009 Chestnut Street, Philadelphia, 

Williams. Anna W., 549 Riverside Drive, New York City. 

Wilson, H. V., University of North Carolina, Chapel Hill, N. C. 

W(X)DRUFF, L. L., Yale University. New Haven, Conn. 

Wolfe, Jamf-s J., Trinity College, Durham, N. C. 

Wright, R. Ramsay, University of Toronto, Toronto, Canada. 

Ykrkf-S, Robkrt M., Harvard University. Cambridge, Mass. 



OVULATION IN MAMMALS, WITH SPECIAL 
' REFERENCE TO THE MOUSE AND RAT. 

WILLIAM B. KIRKHAM. 

Ovulation and its connection, if any, with pairing is a subject 
that has long engaged the attention of mammalian embryologists. 
As long ago as 1828 Von Baer made the statement, seemingly 
based more upon theoretical than upon experimental grounds, 
that the Graafian follicles of mammals appear not to rupture 
without pairing, or some analogous stimulation of the female 
sexual organs. It would seem to be a simple matter to determine 
in a given mammal whether ovulation was, or was not dependent 
upon copulation, but the literature of the subject shows long 
controversies about this point. The matter can best be taken 
up by considering individually the animals thus far studied. The 
^gg of the dog was carefully investigated by Bischoff ('45), who 
declared that in that animal ovulation is entirely independent 
of pairing. This observation has since been confirmed by Mar- 
shall and Jolly ('05), who also found that the bitch has typically 
two sexual seasons each year. Further confirmation has come 
from Ancel and Bouin ('08), who, in addition to finding ovulation 
occurring independently of copulation, discovered that the Graa- 
fian follicles in the dog rupture in turn. 

Ovulation phenomena in the guinea-pig gave rise to a spirited 
controversy between Bischoff ('52 and *66), who claimed that 
the Graafian follicles in that animal ruptured entirely independ- 
ently of pairing, and Reichert ('61), who declared that ovulation 
only occurred nine to ten hours after copulation had taken place. 
In his second paper, replying to Reichert, Bischoff states that 
he has experimentally demonstrated in dogs, rabbits, guinea- 
pigs, rats, sheep and swine that follicles mature and rupture with- 
out relation to pairing, the full data of this work being given in 
an earlier paper (Bischoff '44). Hensen C76), in his paper on 
the early development of the guinea-pig, quotes the opposing 
views of Bischoff and Reichert, without expressing any opinion 
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of his own, and Lams and Doorme ('07) quote Reichert alone. 
The careful researches of Rubaschkin C05), however, have defi- 
nitely confirmed Bischoff's original contention, and it may there- 
fore be considered as finally settled that in the guinea-pig 
ovulation and pairing are essentially independent phenomena. 

The rabbit's egg has been studied by Barry C39), Bischoff (*42), 
Coste C47), Heap C05), and by Dubreuil and Regaud C08). 
Barry, and the last three authors named above find, contrary to 
Bischoff, that the rabbit cannot ovulate until a short time after 
pairing has occurred, but Coste claims to have induced ovulation 
by taking females which, isolated from males, had been in heat 
for a number of days, and allowing males to cover them without, 
however, allowing them to remain together long enough for actual 
insemination to take place.* Heape, and Dubreuil and Regaud, 
on the contrary, find that if, in this animal, pairing for any reason 
does not occur during the oestrus period, the eggs which would 
naturally have been discharged all degenerate within the ovaries. 
Indeed, according to Heape, if the male is withheld from the dfx: 
during several consecutive periods of oestrus, most, if not all, 
of the older and many of the younger follicles undergo degenera- 
tion, and this may result in a more or less permanent sterility. 

Marshall C03 and '04) has studied the oestrus c>xle in the 
sheep, and in the common ferret. He states that Scotch black- 
faced ewes can, during the regular sexual season, ovulate without 
pairing, as claimed by Bischoff ('44) for ewes in general, but 
pairing, according to Marshall, even then may hasten the process 
of ovulation, which outside of such rutting (KTiods may Ije de- 
pendent upon copulation. The common ferret, Marshall finds. 
I)ehavcs as recent investigators have found to be the case with 
the rabbit, ovulating only after fxiiring. The withholding of the 
mab greatly prolongs the |xTi(xl of heat, and in a few exceptional 
cast's is siiid to lead to the death of the female. 

Benecke (*79). Eimer C79). Fries (*79). Van Bentxlen and Julin 
(*Ho), and Van Bencxlen ('(/y) are all agrtH^il that in all the various 
sjKH'ies of bats that they have studied, pairing takes place several 
weeks Ixfore the e^K^ leave the ovaries. 

The condition of affairs in mice has l)et*n disputed by Sobotta 
('95 and *07) and Kirkham (*oj), who have claime<l the inde- 
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pendent occurrence of ovulation and pairing, by Gerlach Co6), 
who denied such independence, and by Lams and Doorme ('07), 
who state that ovulation in the mouse is perhaps connected with 
pairing. 

Bischoff C44) did a little work with rats, and he came to the 
conclusion that in them ovulation could take place without pair- 
ing, but he confessed that his evidence was incomplete. 

In view of these uncertain and conflicting statements, it has 
seemed desirable to submit the matter of the relation, if any, 
between ovulation and pairing, to a critical test in the case of 
the rat and the mouse, using, in some instances, individuals that 
had been isolated from as early a period as the sex could with 
certainty be externally determined. The four female white mice 
used were virgins from two litters; by different parents, and 
were kept apart from all males, including their brothers, from 
the time they were two weeks old. Three of these females 
were born in the laboratory in the middle of December, 1908, 
and the other early in January, 1909, and all four, until they had 
been weaned, were isolated with their respective mothers. 

One of the virgins born the previous December was chloro- 
formed on March 19, 1909, a day selected by chance, without 
any special calculation other than the general knowledge that the 
mice bom about the same time as the test animals were beginning 
to show signs of pregnancy. When the body of this animal was 
opened, and the ovaries examined, bright red spots were found 
upon both these organs, a characteristic sign that ovulation had 
recently occurred. The ovaries and Fallopian tubes were then 
removed from the body, and serial sections were prepared in a 
manner described in a previous paper (Kirkham '07). The study 
of this material has revealed seven eggs in the Fallopian tubes, 
beside numerous eggs still in the ovaries, the latter undergoing 
degenerative changes after having formed the first polar body 
and second polar spindle. The tube eggs appear in every respect 
like those obtained from females which had paired, and were 
then killed before the spermatozoa had reached the eggs. A 
varying number of follicle cells are found associated with the eggs, 
the zona pellucida in all cases is sharply defined, all the eggs 
possess second polar spindles, and in two instances the first polar 
body is still visible, although decidedly atrophied. 
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The remaining three virgin mice were killed March 30, 1909, 
and of those bom in the preceding December, the Fallopian 
tubes of one yielded nine eggs, similar to those mentioned above, 
except that seven still showed first polar bodies; the ovaries of 
the other animal had upon them the white scars indicative of 
well formed corpora lutea, and no sign of eggs was found in 
either Fallopian tube. Both sets of ovaries contained a number 
of mature eggs undergoing degeneration. The female mouse bom 
in January showed no signs of having ovulated, no evidence of 
either young or old corpora lutea being found on either ovary, 
nor any trace of eggs in the Fallopian tubes. The ovaries of 
this animal, however, have in them several eggs with first polar 
bodies and second polar spindles, but all appear to be degen- 
erating. 

From these observations we may safely conclude that not only 
is ovulation in adult female white mice independent of pairing, 
as stated by Sobotta ('95 and '07), and by the writer C07), but 
that it is an independent process from the start, maturation and 
ovulation occurring in the females without regard to pairing, 
although at present we do not know with what regularity. 

These results, also, are not only of general interest, but they 
possess value as showing the mouse to be an eminently suitable 
mammal upon which to investigate the possibility of artificial 
parthenogenesis. 

A further fact which should l)e noted here, is the change of 
opinion, on the part of the writer, regarding the fate of the first 
polar Ixxly formed by the mouse egg. In 1907 the writer stated 
that his obser\'ations led him to believe that when the first polar 
body was not found with the egg, it had been forced through the 
zona pelludda at the time of ovulation. That same year Lams 
and Doorme ('07) published a paper on the development of the 
mouse egg in which they stated that the first polar body in that 
animal underwent degenerative changes leading fhially to its dis- 
ap[)carance. These authors figured a few first polar bodies in 
an advananl state of atrophy, and the present writer has since 
confirmed their concluMons, using some material of his own ob- 
tained bince the publication of his first statement on the subject. 
A fairly complete serit-s of degenerating first polar bodies — some 
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belonging to eggs themselves degenerating within the ovaries, 
others in the process of early cleavage in the Fallopian tubes — 
make it practically certain that in the case of such mouse eggs 
as have reached or passed the stage when the second maturation 
spindle is formed, and yet show no trace of the first polar body, 
this body has broken up and disappeared; in all instances of 
such degeneration the chromatin granules lose their distinctive 
staining qualities some time before the final dissolution of the 
polar body cytoplasm. 

The observations on rats were limited to two adult white fe- 
males. These animals were kept in a large cage with males and 
other females until they showed signs of advanced pregnancy. 
They were then isolated in separate cages, and a close watch was 
kept for the appearance of the Utters. As soon as found, the 
young rats were taken from their mothers, and then the latter 
were killed, one twenty-four, the other forty-eight hours later; 
it having been previously determined that the white rat, like the 
white mouse, during the warm months of the year is usually in 
heat directly after giving birth to a litter. When the bodies of 
these animals were opened, characteristic corpora lutea were vis- 
ible on all the ovaries, and after the ovaries and Fallopian tubes 
had been sectioned and stained, eight tube eggs were found in 
one animal, and five in the other. These eggs have exactly the 
appearance of eggs obtained from female white rats which have 
been allowed to pair and then are killed just before fertilization 
can take place; the zona pellucida in all cases is well preserved, 
all of the eggs possess second polar spindles, while a majority 
show no trace of the first polar body, it probably having previ- 
ously degenerated. 

The points to be emphasized in these researches are three in 
number: 

1. Virgin white mice mature eggs and discharge them from 
their ovaries at practically the same age as their sisters who have 
been allowed to pair, and such eggs show no differences from 
other unfertilized eggs. 

2. Adult female white rats during the active breeding season 
ovulate regularly, immediately after giving birth to a litter, 
whether pairing is or is not allowed to take place. 
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3. The first polar body has degenerated in such mouse and 
rat eggs as show no trace of it, and yet have reached or passed 
the stage of the second maturation spindle. 

Sheftisld ScncNTiric School or Yals UNivimtmr. 
March. 1910. 
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DESCRIPTION OF AN ABNORMAL LOBSTER 

CHELIPED.' 

LEON J. COLE. 
University or Wisconsin. 

WTiile visiting the United States Fish Hatchery at Gloucester, 
Mass., during the summer of 1908, my attention was called to 
an abnormal lobster ( Homarus americanus) which was at that 
time preserved in formalin. The specimen was taken in Glou- 
cester harbor by a local fisherman in the preceding May, and was 
kept alive in an aquarium at the hatcher>' about a week before it 
died. Through the kindness of Mr. Corliss, superintendent of the 
hatchery, I was enabled to secure the specimen for description. 
The abnormality consists of a double extra claw on the left cheli- 
ped, and while not different in general type from specimens which 
have previously been descril)ed, it does possess certain peculiari- 
ties which would appear to justify placing it on record. The 
right cheliped was missing when the lobster was caught. From 
the appearance of the scar, and the fact that there is no evidence 
of regeneration having begun, it is probable that the loss of the 
appendage was comparatively recent. The especial interest of 
the present specimen lies in the fact that the extra claws are so 
well developed and that their arrangement is almost schematic 
of the principles, or "rules** of secondar>' 8ymmetr>* laid down by 
Bateson (1894, p. 479), if we make allowance for the torsion 
which normally occurs in the cheliped of the lobster. 

Description. 

The I()l>ster possessing this abnormality is a male, 237 mm. in 
length from tip of rostrum to end of telson. 

C/a-u,*5.— The part which represents the primary claw (PrL 
of figures) is practically a normal left chela of the crushini 
tyjx?, extx*pt for an abnormal outgrowth from its outer (morpho- 

* Pd[)rr (rum the Zo<»loKicaJ LalKiratory, Shrtheld Scirnti5c 5>chool cA YaW 
l'nivef»Jty. 
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logically posterior) face. This outgrowth does not arise from 
the middle of the outside face of the primary propodus, but 
rather from the ventral half of its surface, the significance of 
which in its relation to the planes assumed by the various claws 
will be discussed further on. In general appearance the out- 
growth represents a more or less completely doubled extra claw/ 
and according to the classification given by Emmel (1007) would 
fall in the class having "abnormal processes arising from the 
normal propodite/* and under this heading it would probably 
have to be classed with those having "two extra indices and 
double extra dactyl." It differs, however, from any previously 
described specimens in this category, so far as I am aware, in 
the degree to which the double dactyl approaches the condition 
of two separate dactyls, it being markedly bifurcated at the tip, 
whereas in the case (specimen No. 4) described by Emmel, 
what he takes to be the double dactyl is only a small undivided 
"stump." The strength of his interpretation lies in the fact 
that both the double dactyl and the index in other specimens may 
be represented by an undivided process, the double character 
of which is indicated by its having teeth on two opposite sides 
(cf. Emmel's specimens No. 2 and No. 3). 

Considering now only the supernumerary outgrowth, the basal 
part, which represents a double propodus, has along its ventral 
side a deep groove, as may be seen in Fig. 2. The continuation 
of the divergent ridges which bound this groove form two separate 
and distinct indices (/'i?and /'L),each of which, taken by itself, 
appears like a practically normal index. They are, moreover, 
essentially alike except that their relations of symmetry are re- 
versed, so that one would appear as the image of the other in a 
plane mirror placed between them. This relation will, however, 
be discussed more fully later. The opposing dactyl is also di- 
vided for nearly half its length, on account of the bifurcation 
mentioned above, the divergent branches {D'R and D'L) meeting 
in opposition the corresponding extra indices {FR and I'L). The 
double character of the dactyl clear to its base is indicated by the 
fact that the rows of teeth on the two tips continue in separate 
and distinct lines down the inside of the basal portion. Further- 

' The extra claws are somewhat smaller than the norma! or primary claw. 
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more, on the dorsal side near the base, the single spine of the 
primary dactyl (SpDL) is represented by two similar spines 
{SpD'R and SpD'L). The row of spines down the dorsal ridge 
of the extra propodite is very weak, whereas there is a row of 
strong spines in the corresponding position on the normal propo- 
dite {PrL). This is a result of the "compounding" at this level, 
to be mentioned again below (p. 264). 



SpD'R 
SpD'L 



d.p'. 



SpDL 
PrL 



The distance between the tips of the two divei^ng extra dac- 
tyls {D'RanA D'L) is very slightly greater than that between the 
tips of the two extra indices {I'R and I'L), so that if the double 
dactyl closed down squarely it would tend to make the tips lap 
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over on the outside (morphologically dorsal side) of each of the 
index tips; but, as may be seen in Fig. i, they do not dose 
squarely, but instead the double claw shuts in such a manner 
that botk the dactyl tips overlap the index tips on the side toward the 
normal {primary) claw. Thus D'L overlaps on the ventral side 
of I'L, and D'R on the dorsal side of I'R. In this connection it 



Fic. I. Photograph of abnormal cheliped from ventral side. 

is interesting to note that the normal dactyl {DL) when closed 
overlaps decidedly on the ventral side of its index (/L), that is, 
on the side away from the extra claws. All these dactyls thus 
overlap their respective indices on the side toward the median 
plane of the animal, in this matter not agreeing with the morpho- 
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logical symmetry which obtains in other respects. As is to be 
expected the teeth on the extra claws are plainly, like those of 
the normal claw, of the "crusher" type. 

No attempt was made to study the internal anatomy further 
than to note that the extra double dactyl has two adductor ten- 
dons, but only a single abductor tendon. This condition is what 
might be expected from the way in which the two extra dactyls 
(D'R and D'L) are "compounded" (vide infra) at their base. 

Carpopodite. — ^The effect of the doubled condition distally is 
very evident in the carpopodite. It is much broader distally 
than a normal carpopodite, especially as viewed from above. 
This is due in large part to an extra process (d.p'.) on the posterior 
face of the appendage in the middle of the area which is evenly 
concave in the normal lobster. This process is in line with the 
double dactyl (D'L and D'R), thus having the same relations to 
this doubled extra part that the dorsal articular process (d.p.) 
has to a normal dactyl. Opposite d.p\, in the concavity of the 
anterior side, is a smaller process (v.p\). The normal ventral 
articular process (v.p,) is present, but, apparently due to the 
disturbing influence of the abnormal parts, the articulation of 
the chela with it is not close.* The only close articulation is, 
then, with the dorsal process (d.p.), and although the chela can 
be moved on this in the normal plane of movement, it is capable 
of a slight movement in other directions as well. The hinge- 
like movement in the normal plane (i. e., on the axis between 
d.p. and v.p.) is, moreover, greatly limited by the secondary 
processes (d.p'. and v.p'.). Whereas in the normal lobster the 
claw (propodite) can swing on the carpopodite through an arc 
of about 90*, it is limited here to a movement of 25**. A smooth 
spot on the shell (jc, Fig. 3) shows where d.p\ has stopped the 
movement of the claw in that direction, and the nature of the 
surfaces at v.p. shows that in the living animal there must have 
been some movement of the claw in the plane at right angles to 
the normal plane of movement. 

* It would look aa though the presence of muBdes belonging to the abnonnal 
pait« which by their action tended to swing the claw on the secondary axis d.p'.-^.p'., 
had prevented a close articulation at t.p, A careful study of the musculature of 
the carpopodite would be of much interest, but it was found impracticable to make 
such a study at the present time. 
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The arrangement of certain of the spines also goes to show that 
d,p\ is to be considered as the equivalent of a double dorsal 
articular process corresponding to the doubled abnormal claw; 
but there is no need to go into the details of this matter, which 
can be made out in the figures. 

Meropodite. — Here, too, the abnormality is evident. The joint 
is relatively much thicker than the corresponding joint in a 




Fig. 3. Abnormal cheliped seen 
from posterior side (really a little 
ventro-posterior) . 



Fig. 4. Normal left cheliped of 
a lobster, seen from posterior side 
(really a little ventro-posterior). 



normal lobster. The normal plane of articulation between the 
meropodite and the carpopodite is morphologically horizontal, 
the articular processes therefore being anterior (Figs. 3 and 4, 
a.p.) and posterior (p.p.)> These processes and the articulation 
are essentially normal in the abnormal claw, but in the concavity 
of the (morphologically) ventral side is a large process {p') which 
apparently represents one point for an incipient axis of articu- 
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lation in a plane at right angles, or nearly so, to the normal 
articulation. This condition corresponds to that between the 
carpopodite and the propodite, described above. There is no 
evidence of the corresponding process on the opposite side, how- 
ever, nor is there any articulation with p\ the distal portion swing- 
ing normally on the axis between a.p. and p.p. But while this 
movement covers an arc of approximately 45® in a normal claw, 
it is here limited to a range of betw^een 25® and 30®. There is 
no sign of duplication of the large spine (5/>.) on the dorsal side 
of the meropodite. 

Ischiopodite, — The ischiopodite, instead of being broad and flat, 
as in normal cases, is broadly triangular in cross section, while 
the line of articulation between it and the meropodite is much 
less oblique than normal. The motion at this place is normally 
(in the legs following the cheliped) on an essentially dorso-ventral 
axis id,a.-v,a,), though due to torsion in the chelipeds it becomes 
greatly inclined. In the abnormal specimen the dorsal articu- 
lation (d,a,) appears practically normal, but on the ventral side 
there are two points of articulation (r.a. and a'.). Being thus 
hinged at three places the joint is stiff and incapable of move- 
ment in any plane. The row of spines running down the ven- 
tral side of the meropodite and continue<l on the ischiopodite, 
proves the articulation (r.a.) in line with these to represent the 
normal one, while the other (a') is secondary'. 

The articulation between the ischiopodite and the basal podo- 
meres is apparently normal, though the ischiopodite here has 
on its posterior side a ridge (r) which is not prest^nt in normal 
sjx'cimens. This ridge ends in a short, blunt prcKi^ss, much like 
an articular process, but there is no articulation with it. It 
d<K's in all probability, however, represent such a secondary 
prcKTss, IxMng placxHl, as in the other joints, midway between 
the normal points of articulation. 

Relations of Svmmktrv. 

Torsion, — It is a matter of a)mmon knowle<lge that in de- 
velopment the chelijK^d of the lobster undergcxrs a twisting or 
torsion, as a result of which the cheUe o)me to He in a neariy 
horizontal plane, that is, almost at ri^ht angles to their normal 
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morphological plane. This is illustrated in Fig. 5. This figure 
represents diagrammatically a cross section through the index 
and dactyl of a normal claw from the left side of a lobster, 
viewed from the position of the distal end of the appendage. 
The posterior side of the claw, which is more darkly pigmented 
in the living lobster, is here shaded, while the ventraljside is 
left clear. The primary morphological relations, as they would 
obtain if the appendage were extended laterally in a horizontal 

I 




Fig. 5. Diagram to illustrate effects of torsion in a normal left chela. I., 
primary morphological position; II., position as a result of torsion. 

plane and there were no torsion, are shown in the position marked 
I, where the plane passing through the index {IL) and dactyl 
(DL) is vertical. Due to torsion, however, the claw is rotated 
anteiiorly* nearly 90° (probably ordinarily 7S°-8o**; for con- 
venience, we may call it 80°), so that its plane approximates the 
horizontal, as shown in position II. The dactyl thus lies an- 
teriorly, while the posterior surface (shaded) is uppermost. By 
a bending of the leg now, however, the claws may be brought 

' By "rotated anteriorly" it is meant that the dorsal side has rotated over in 
the anterior direction. 
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around into the position in which they are normally carried, 
that is, ahead of the lobster and pointing forward or even in- 
ward. As a result the dactyl comes to lie on the side toward 
the median plane, or even directed posteriorly. The primary 
claw in Figs, i and 2 has nearly the normal position, but as will 
be pointed out below, the torsion and bending are less than is 
usual. Emmel (1907, p. 140) has emphasized the importance 
of taking into account the normal torsion in considering the re- 
lations of supernumerary parts in abnormal chelipeds. 




Fig. 6. DUfrmm showing the tpadal relmtioot and •econdary •>'miDeuy In 
the abnormal cheUped (fuU outlines). The dotted outlines show the theoretical 
relations these parts should have in accordance with the "rules of secondary sym- 
metry. " leaving torsion out of account. 

In F*ig. 6, by a similar diagram, are represented the amditions, 
as ri'gards rotation, of the three claws of the abnormal specimen. 
As before, the appendage is considered as being extended straight 
out laterally from the b<xly. It will \)e noted that as a result 
of the abnormal outgrowth the primary' claw (/L, DL) has ro- 
taie<l only alxjut 45" from the vertical plane instead of nearly 
90** as in the normal (Fig. 5). The amount of torsion in the 
abnormal chela* will l>e discussed below with the consideration 
of the relatic»ns of ri^ht and left. It may l)e s;iid here, that as 
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in the case of the claw, the torsion of the more proximal parts 
of the limb appears also to have been hindered by the abnormality. 

Secondary Symmetry: Dexiro-sinestral Relations. — Like most ab- 
normal crustacean appendages with extra processes, the present 
case falls into the category "in which the extra limb or extra 
parts of a limb are themselves morphologically double." Fur- 
thermore, in accordance with the rules of secondary symmetry 
laid down by Bateson (1894, p. 479), the normal appendage and 
the extra parts lie in the same plane^ and "the nearer of the two 
extra appendages is in structure and position formed as the image 
of the normal appendage in a plane mirror [M, Fig. 6] placed 
between the normal appendage and the nearer one, at right 
angles to the plane of the three axes; and the remoter appendage 
is the image of the nearer in a plane mirror [M\ Fig. 6] similarly 
placed between the two extra appendages." Thus the two extra 
claws are morphologically a pair and belong to opposite sides 
of the body, the inner or proximal one, according to the above 
rule, being a morphological right (the primary claw being a left), 
and the outer one a left. This is evident in the diagram (Fig. 6), 
where it will be noticed by the shading that the relations of the 
posterior (shaded) and anterior (not shaded) halves are reversed 
in the middle claw. In one respect, however, the middle claw 
is not a right; for the normal right claw of this lobster was in all 
probability of the "nipper" type, the left being a "crusher." 
As a matter of fact the teeth on both the indices and dactyls of 
all three of the claws of the abnormal appendage (/L, DL\ 
VR, D'R; /'L, D'L) are of the "crusher" type. Thus it is evi- 
dent that while the rules of secondary symmetry hold good for 
the spatial relations they do not apply to the character of the 
parts of the appendage when these normally differ on the two 
sides of the animal.^ 

Bateson (1894, p. 479, et seq,) has shown that a definite rela- 
tion obtains between the position which the ejttra parts assume 
to each other and to the primary appendage, according to the 
side of the appendage from which they arise. The theoretical 
positions he has illustrated plainly by means of a diagram (loc. 

* This plane (Fig. 6. pi'.) is bent in the present case, owing to torsion. See later. 
' Emmel (1907. p. i lo) found the same thing to be true in his "specimen No. 5.'* 
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cii., Fig. 154) of the leg of an insect, and most of the cases fit in 
with these expectations very well. 

Adapting to the lobster Bateson's diagram for the theoretical 
positions of the extra parts when they arise from the ventro- 
posterior (v,p.) side of the normal appendage, as in the present 
case, we have the relations as shown by the complete outlines 




Fig. 7. Diacrmm Uliutrmtlng (full outlines) Bateaon't "nila of Mcoadary 
•yminetry'* M applied to a left lobster chela with double cxtim dawi ariiliif from 
the ventro-potterior side. The dotted outlines show the positions these paru 
would assume if each claw were routed anteriorly, independent of the others. 
throu(b an arc of 80*. 



in Fig. 7, no allowance Ix^ing made for torsion. But we have 
ftecn (p. 259) that the normal l()l)stcr claw becomes rotated 
anteriorly thmugh an arc of appmximately 80**. If we now 
rotate in<lef)endcntly towartl its anterior side each of the diagram- 
matic claws in Fi^. 7 through an arc of 80"^, ^^-e arrive at the posi- 
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tions indicated by the dotted outlines in the same figure. Refer- 
ring now to Fig. 6, which represents (by the unbroken outlines) 
the actual positions of the claws, we find that whereas the primary 
claw has rotated in the expected direction — though only about 
45® instead of 80° — the secondary claws appear each to have 
rotated towards their morphological dorsal sides about 35° from 
the planes prescribed in the theoretical diagram (Fig. 7, full 
outlines). These relations are perhaps to be accounted for as 
follows: 

While there is some torsion in the base of a normal cheliped, 
this is compensated for by the rotation of the appendage for- 
ward, as a result of which the axis of articulation at the base 
of the propodite, which is morphologically dorso-ventral, is es- 
sentially vertical, as it is in the succeeding pereiopods. Hence 
the position of the great claw is for the most part due to a torsion 
in the propodite itself. In our abnormal specimen, the axis of 
articulation of the propodite to the carpopodite lies also, as we 
have seen, practically in a vertical plane; but, apparently as a 
result of the mechanical hindrance of the secondary growth from 
its base, the primary propodite has been able to turn only 45** 
instead of 80° from that plane. 

The positions assumed by the secondary claws are a little more 
difficult of explanation. Since, however, they have a tendency 
to rotate in opposite directions, the plane (M') midway between 
them should remain constant in position whatever the amount 
of torsion, as shown in Figs. 6 and 7, and we may first consider 
the relation of this plane to that of the primary claw. By ref- 
erence to Fig. 7 we see that this plane, in the case of a double 
extra process arising from the postero- ventral surface of an appen- 
dage, should make an angle of 45° with the dorso-ventral plane 
(d.-v.). A glance at Fig. 6 will now show that the plane M' there 
makes the same angle (45°) with the primary dorso-ventral plane 
of the abnormal specimen. As a result, however, of the torsion 
distad of ths point of divergence, the three claws no longer lie 
in the same plane (/>/., Fig. 7) which passes through the point 
of origin of the e?ctra parts, but a line connecting their centers 
has to curve as shown by pV. in Fig. 6. 

We have already noted that the planes of the secondary 
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claws lack 3 S° of being turned as far as called for by the theoretical 
positions (solid outlines, Fig. 7), to say nothing of the additional 
80^ which would be necessary for them to assume the positions 
as a result of normal torsion (dotted outlines, Fig. 7). As a 
matter of fact, this torsion should not be expected in the secondary 
claws, since they divide from each other at a considerable distance 
from the base, and the torsion of the propodite takes place en- 
tirely, or practically so, at its base. Thera would be no torsion 
in the basal part of the extra outgrowth, since in that region 
which is potentially double, the tendencies to rotation in opposite 
directions would neutralize each other. The divergence of the 
primary claw being further proximal, that has been able to under- 
go some rotation (45°) as already described. Now as to the 
failure of the planes of the secondary claws to lie at right angles 
to each other, as they should, according to Fig. 7, if torsion is 
eliminated. This is probably to be accounted for upon mechani- 
cal grounds, the union of the parts only a short distance proximad 
interfering with and restricting the divergence of these planes. 
If the double outgrowth had taken its origin upon a more basal 
portion of the appendage, it is safe to assume that the planes of 
the distal claws would have attained more nearly the theoretical 
positions.^ 

The relations of secondary symmetry in the more proximal 
parts of the appendage appear to be amenable to the same rules; 
but owing to the way in which the various parts are "com- 
pounded" (to use Bateson's term) before they actually divide, 
this exposition becomes extremely complicated and would serve 
no useful purpose at this time, since the discussion given above 
as to the relations of the claws has served to illustrate the factors 
involved. This compounding accounts for the absence of large 
spines along the dorsal side of the extra propodite, which has 
already been mentioned. 

^ In Emmers interesting "specimen No. 5" the extra chelae arose from the me- 
ropodite, and he here found (the union being further proximad) that each of the 
claws had undergone a full rotation, each in its normal direction of torsion. Accord- 
ing to his description (Emmel, 1907, p. 141) the primary or normal claw had rotated 
90^ but each of the extra daws had rotated 180® I Why this should have been seems 
difficult to understand and Emmel offers no explanation. Why. with the direction 
of torsion opposed in contiguous claws, its amount should be limited to lets than 
90°. as in the specimen here described, is obvious; but why in any case it should 
be greater than 90° seems inexplicable. 
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Cause of the Abnormality. 

While believing that we must ultimately look to experiment 
for the elucidation of the causes of abnormalities of this sort, 
there are nevertheless certain considerations in the present in- 
stance which are of interest. On the theory that they may be 
the result of injuries, marks indicating such injury have often 
been sought. The scar of an evident injury is very notice- 
able on the carpopodite of the present specimen (Fig. 3, s,); 
but is is equally evident that this injury cannot have been the 
the cause of the abnormality, since, as we have seen, the effect 
of the doubling is obvious as far proximad as the ischiopodite. 
It seems more probable that after some antecedent autotomy of 
the appendage the regenerating bud was in some way injured or 
disturbed so as to produce the abnormality. A definite scar 
for such an injury could not be expected in the fully developed 
appendage. Not only would it be of the greatest importance 
to know whether this abnormality would be reproduced if the 
leg could have been amputated autotomously and allowed to 
regenerate (cf. Emmel, 1907, p. 11 1), but it would also be in- 
teresting to know whether a lobster could moult normally with 
an appendage of this sort. On account of the extra amount of 
material involved, which would have to be drawn through the 
narrow opening at the base of the leg, it would certainly be a much 
more precarious ordeal than usual. 

Summary. 

In this paper is described the abnormal cheliped of a lobster 
{Homarus americanus), the abnormality consisting of a double 
extra claw. While the extra part actually separates from the 
normal propodus, it is shown that the effects of the doubling may 
be traced to the base of the leg. It is further shown that the 
conditions in this appendage illustrate almost diagrammatically 
the "rules of secondary symmetry*' formulated by Bateson, if 
allowance be made for the effects of the torsion which occurs 
in the normal lobster cheliped and the mechanical conditions 
which may modify such torsion. 
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Addesdvu. 

Since it is of advantage to place on record where they may be 
found the cases of abnormal crustacean appendages, it may be 
well to call attention here to two recent records which might 
naturally be overlooked. They both occur on crabs, and both 
belong to the class of "extra processes arising from the normal 
dactyl," being directly comparable to the chelae figureid by Emmel 
(1907, pi. I, Fig. i), Faxon (1881, pi. i. Figs, i, 2, 3, 4, 5, 7, 8), 
Herrick (1895, pi. 47, Fig. 191), and Bateson (1894, Figs. 184, 

185). 

The first case is fiured incidentally by V^errill (1908, p. 396, 
F>g' 37) >" his report on the "Decapod Crustacea of Bermuda." 




Fig. 8. Deformed daw of an undetenniiied cancroid crab. (After V'erriU.) 

Fig. 8 represents the condition of this specimen, which is de- 
scribed as the "deformed claw of an undeterminal cancroid crab." 




Fig. 9. Abnormal crab claw from Stonincton. Conn. (After Leavitt ) 

The second case (Leavitt, 1909), illustrated in Fig. 9, is of a 
crab, possibly CaUinrcteSt from Stonington, Conn, The author 
states that there was a brief mention of this claw in SL Nicholas 
for Decemt)er, 1907. He makes the mistake of considering this 
a reduplication of the entire claw, except that **in the small 
piiuxT the dactyl is not movable at the base, as it is in the larger 
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one." Further, he calls it a case of "homoeosis*' and gives a 
general consideration of it in relation to Weismannism, etc. 
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Explanation of Abbreviations Used in Figures. 

a., anterior. 

a'., secondary point of articulation of ischiopodite to meropodite. 

a.p,f anterior articular process of meropodite. 

C, carpopodite. 

C •{•[€* {R-\-L)],, carpopodite of abnormal specimen, compounded of the pri- 
mary and secondary parts. 

d.t dorsal. 

d.a., primary (normal) dorsal articulation of ischiopodite to moropodite. 

DL, left primary or normal dactyL 

D'L, left extra dactyl. 

d.p., primary (normal) dorsal articular process of carpopodite. 

d.p',, extra (secondary) dorsal articular process of carpopodite. 

D'R., right extra dactyl. 

/, index. 

JLf left primary or normal index. 

/'L, left extra index. 

I'R, right extra index. 

JSt ischiopodite. 

M, line representing position of a plane mirror placed midway between the pri- 
mary claw and the nearer secondary claw, and normal to the plane in which they 
Ue. 

M\ line representing position of a plane mirror placed midway between the 
extra claws and normal to the plane in which they lie. 

Mer.t meropodite. 

p,, posterior. 
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^'.« proccM rc p f ttfnting an incipient secondary articuku- asdt b et w een mcropodltt 
and carpopodite. 

pi., plane paating through the point of origin of the secondary growth fr<nn the 
primary daw and through both the extra daws. 

pi'., curved line representing the bending of the plane ^. as a result of torsioo 
and the mechanical conditions. 

pp.» primary (normal) posterior articular process of meropodite. 

Pr., propodite. 

PrL, left primary or normal propodite. 

P/ (K+L). extra double propodite. 

r.. ridge at base of ischiopodite. possibly representing a secondary Indpicnt 
point for articulation with basal podomeres. 

1.. scar on base of abnormal carpopodite. 

sp., large spine on meropodite. 

SpDL, spine at base of primary or normal dactyl. 

SpD'L, spine belonging to base of left extra dactyl. 

SpD'R, spine belonging to base of right extra dactyl. 

v.. ventral. 

v.a.. primary (normal) ventral articulation of ischiopodite to meropodite. 

9. p., primary (normal) ventral articular process of carpopodite. 

v.p\, extra (secondary) ventral articular process of carpopodite. 

9.-p., ventro-posterior. the side of the primary claw from which the extra daws 
arise. 

X., smooth spot where the secondary dorsal articular process (d.p',) of the car- 
popodiu has rubbed against the base of the propodite. 

I., position before torsion. 

IL, position as a result of torsion. 



METHODS OF ARTIFICIAL PARTHENOGENESIS. 

E. NEWTON HARVEY. 

Papers on the subject of artificial parthenogenesis have been 
fairly abundant during the past ten years, yet somewhat scat- 
tered, appearing in zoological, physiological and chemical jour- 
nals. It therefore seemed desirable to list the important con- 
tributions, giving briefly, but in detail, the various methods of 
exciting eggs to develop, together with results and references, in 
the hope that it might prove of value to future workers. 

Such a list follows. Only annelids, echinoderms, molluscs and 
vertebrates have been included. Under each class the observers 
are arranged in alphabetical order; their researches in chrono- 
logical order. 

As the most important general and theoretical work on arti- 
ficial parthenogenesis may be mentioned the recent book of 
Loeb, "Die Chemische Entwicklungserregung des tierischen 
Eies," Berlin, 1909, in which the various phases of this most in- 
teresting subject are discussed in considerable detadl. 

The following abbreviations have been used : — 

s. w, sea water. disL w. diatilled water. 

m. molecular solution. P. B. polar bodies. 

». normal solution. esp. especially. 

min, minute. P. D. potential difference. 

hr, hour. 
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PELAGOSPH^RA, A LARVAL GEPHYREAN. 

HAROLD HEATH. 

In 1905 Dr. Pio Mingazzini published an account ' of a gephy- 
rean worm taken at a depth of 4,500 meters during an expedition 
of the Duke of Abruzzi in the neighborhood of Aukland. It is 
described as a spherical transparent organism, of about 6 mm. 
diameter, with a decided resemblance to certain sipunculid larvae. 
However, as the author considered it to be an adult, it was 
placed in a new genus for which he states a new family may 
have to be created. 

Spengel ' chiefly on the basis of Sipunculus larvae taken in the 
Bay of Naples, declares without hesitation that the animal in 
question is a larval form differing in a few minor details from 
other well-known types. The so-called gonad may well be the 
glandular appendages of the oesophagus noted in the young of 
several species. 

During the past year two individuals, belonging to this pro- 
posed genus, have been taken in the surface plankton of Monte- 
rey Bay, Cal., and there is no doubt they are immature, the 
"gonadi" being, as Spengel surmised, glandular appendages of 
the pharynx. Nevertheless they present a number of features 
of considerable interest that are herewith described in some de- 
tail. 

Both, apparently belonging to the same species, are spherical 
and measure 2.5 and 3.2 mm. respectively. In life the body 
wall was almost transparent, the muscles, especially those radia- 
ting from the mouth opening, appearing much as they do in 
DoUolum or ScUpa, The alimentary canal was light yellow and 
the nerve cord and especially the brain were more opaque and 
fairly distinct. 

The most, prominent structure of these animals is the alimen- 
tary canal, which in its general features resembles that of the 

' "Un Gefireo pelagico: Pelagosphara aloysii n. gen. n. sp.,** Rendic, Aumd. 
Lincei, cl. sc, fis„ mai. nal. (5), Vol. 14, pp. 713-720. 

' "Eine verkannte Sipunculus-Larve," Zooi, Ant., Bd. 31. 1907 
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Species studied by Mingazzini though there are some important 
organs that have remained undescribed. The mouth (m) opens 
into a gradually enlarging cavity, lined with a continuation of 
the cuticle surrounding the body as far as the opening of the 
ventral glands. At this point a large pouch-like diverticulum 
(d) is developed chiefly on the dorsal side of the gut, and the 
naked cells of its lining epithelium are relatively high and slender 
and bear an excessively heavy coat of dlia at least two or three 
times their own length. In his figures Mingazzini represents six 
large retractors and a few smaller strands attaching to this point 




Fig. t. Larval gephyremn (Pdciosphntru). The stippling o^ the gut i« mcrelf 
to differentiate the different divisioot. d, dor«al dilated diverticulum; (. glaad« 
and dod, ilightly displaced: m, mouth; p, ventrical non-ciliated pouch or pharynx; 
«• ttomach-intetine; v, ventral nerve cord leading to brain partially concealed 
by pouch d. 

(though there is no sign of a pouch) and on the other hand 
radiating outward to bea)me united to the body wall. In the 
present specimens the same is true. It appears probable there- 
fore that this ciliated diverticulum may be everted and act as 
a locomotor organ as Wilson ' has desrribe<l in the case of Echiurus 

' "Our North American Kchiuriclt." Btou Butx*. Vol. i. 1900. 
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paUasii, And furthermore the probosds or everted portion 
would, owing to its dorsal position, form a protuberance on the 
dorsal side of the mouth which would be situated, as in Echiurus^ 
at its base. Perhaps to facilitate the eversion ot this part of the 
digestive tract another outpouching (p) occurs on the ventral 
side of the gut, but its cells though columnar lack the ciliated 
coat, and it is without special retractor muscles. 

This reference to Echiurus does not necessarily prejudice one 
in favor of the belief that the larvae in question belong to this 
or allied genera. Setae are totally lacking, there are no signs of 
segmentation, and so far as may be seen there are no cilia on the 
external surface of the body as in other gephyrean la 'ae. For 
the present, at least, the question of systematic relationships 
cannot therefore be definitely determined. 

Ventral to the gut in this same region are two spheroidal 
glands (g) in close contact with each other. In life they bear a 
fairly close resemblance to ova, which doubtless led Mingazzini 
to describe these organs as the gonad. Each is composed of a 
mass of pyriform cells, densely packed with a finely granular 
secretion from which ductules extend toward the inner face of 
each gland. A small duct, opening into the pharynx or oesopha- 
gus, extends anteriorly a short distance, and then bending ven- 
trally it passes between the two glands whose ductules unite 
with it. 

Beyond this point the digestive tract pursues an irregular 
course, and bending on itself passes dorsally to the anal opening. 
Three distinct divisions are clearly defined, the oesophagus, 
stomach-intestine and rectum. The first of these is of irregular 
outline, of relatively large caliber and its walls throughout are 
composed of columnar cells bearing a coat of delicate cilia. In 
the region of the stomach-intestine it narrows considerably and 
its walls become longitudinally folded. The stomach-intestine 
(s) is at first a comparatively large sac with highly glandular 
walls, each gland cell pyriform with the swollen distal end dis- 
tended by some lightly staining, vacuolated secretion. Diatoms 
occur in this section of the tract together with small quantities 
of some other material, all of it enveloped in a stringy looking 
coagulum. Although the gut is narrowed for a considerable dis- 
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tance before the rectum is reached, and appears in whole mounts 
to be differentiated into a definite intestine, sections show that 
this same glandular epithelium extends from oesophagus to rec- 
tum. This latter structure is characterized by longitudinally 
folded walls lined with cuticle and provided near the anal opening 
with a strong sphincter muscle. 

The nervous system is free from the ectoderm and is con- 
structed upon the usual gephyrean plan. Posteriorly the nerve 
cord terminates in a slight enlargement, as noted by Mingazzini, 
and on the other hand, after following the body wall to a point 
close to the pharynx it bends inward and in the neighborhood of 
the duct of the ventral glands bifurcates to form the cesophageal 
collar. The course of these connectives in two or three sections 
is difficult to follow, owing to their small size and the abundance 
of connective tissue and muscle fibers, but the plan shown in 
the figure is probably not far astray. The bilobed brain is very 
distinct in both sections and in whole mounts, but it has been 
impossible to trace any nerves from it with the exception of the 
connectives. 

The kidneys are two in number and consist of short coiled 
tubes opening to the exterior. I have examined these organs 
with much care but have failed to find that they have any internal 
opening. In every case the two extremities are in close contact, 
but the glandular portion includes the distal extremity, apparent- 
ly, and if any inner pore does exist it is minute and not a well- 
developed nephrostome. The gland cells are fairly well defined, 
more or less vacuolated and contain considerable quantities of 
a finely granular secretion. In the neighborhood of the pore the 
glandular elements disappear, the canal becomes of much smaller 
caliber and after a short, sharp twist opens to the exterior. 

The fatty substance described by Mingazzini is lacking in the 
present specimens, though in all probability this may be a variable 
feature. Also no trace of sex cells has been found, and there is 
therefore no reason to consider this an adult form so that a 
generic name is uncalled for as Spengel maintains. 
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Introduction. 

The Point of View.— The mutation theory of DeVries, th^ 
rediscovery of Menders paper on hybrid peas, and the work of 
the Mendelian hybridologists have focused the attention of biolo- 
gists upon the characters of organisms as basal units for investi- 
gation in the effort to understand the modus operandi of evolu- 
tion. The most conspicuous outcome is the growth of the "unit 
character" hypothesis, which, in the main, has been adopted 
by the Neo-Mendelians as the fundamental assumption necessary 

> A paper presented at the meeting of the American Naturalists in Boston, 
Dec.. 1909. 
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for their practice and theory, because of the fact that the char- 
acters of organisms often stand out sharply and behave with 
distinctness in the processes which follow reproduction. 

That many of -the characters in organisms are distinct and 
behave in the sharp, alternative fashion described by the 
Mendelians, there can be no reasonable doubt. To deny the 
existence of these sharply defined, predicable behaviors in in- 
heritance is to deny the evidence of our senses, and accuse a 
considerable body of reputable workers of inability to make 
accurate observations. The fundamental question is, do these 
unit characters, or lesser entities, occupy in the organism the 
mosaic relation and have the capacity for the mosaic rearrangement 
which is assumed by most Mendelians and by the followers of De 
Vriesf 

We must not be diverted from the main question by any fancied 
injur>' to our biological orthodoxies by the Neo-Mendelians* array 
of factors, determiners, allelomorphs, gametic couplings, latencies, 
etc., because these represent only the symbols of processes at 
present unknown, although the results of these unknown processes 
are observable, predicable, capable of control and modification. 

Many, unable to accept the consequences which they believe 
to be the logical outcome of the unit character conception and 
the mosaic composition of organisms, take refuge in speculations 
in which the organic individual is compared to inorganic cr>'8tal8, 
and state their position as follows: 

In the inorganic world the attributes and qualities of a par- 
ticular sul)stance are due to the interaction of the component 
molecules and atoms, resulting in manifestations of one kind or 
another, which, as far as the mass is concerned, are essentially 
ei]uivalent to the characters found in organisms. That is to say, 
in a cr>>tal of copjx^r sulphate the crystalline form and blue color 
are not due to a series of representative particles, or to unit 
characters, but they are due to the arrangement of the component 
molecuU-^ of copper sulphate and water of crystallization; iii 
short, to a host of a)mplex interactions of the a>mix)nent mole* 
culch. CopjxT sulphate crystals, in order to retain their specific 
identity, must ctinsist of a definite projxjrtion and arrangement 
of these molecules, and there is no d priori reason why it is any 



THE DETERMINATION OF DOMINANCE. 287 

different in organisms, unless we assume that there is in living 
substance something fundamentally different from that of non- 
living matter, and any such admission at once commits the maker 
thereof to vitalism. 

I am not convinced that the analogy between a crystal and 
an organic individual is justified. This idea, of which Haeckel 
is the foremost exponent — while it has points in its favor — leaves 
much unexplained, and in living substance there are many proc- 
esses and attributes which can be taken away, t. «., are absent 
as far as perception is concerned, leaving a similar mass with 
other attributes. 

There is much justification for considering organic species 
in the same light as we view non-living species. Thus a 
granite rock is as distinctive and specific as any animal or plant 
species. It has properties, attributes of the whole and also specific 
characters of the component parts. The basal components — 
orthoclase-feldspar, mica, quartz — exist in crystalline form in a 
granular crystalline complex; while the whole has specific attri- 
butes and qualities, the products of the interactions of the com- 
ponent parts and of the forces incident upon the elementary com- 
ponent substances at the time of combination. Depending upon 
variations of the mica — whether muscovit or biotite — and upon 
the amount and size of the mica masses, the appearance and 
attributes of the granites change; and much also depends upon 
whether the feldspar is orthoclase-feldspar or triclinic-feldspar, etc. 

The possible number of specific kinds of granite is very con- 
siderable and depends solely upon the nature of the component 
substances and the conditions under which the combinations are 
effected, while the specific end products are as distinctive as any 
plant or animal form. 

Likewise in feldspar, (a rock-forming unit character?) the crys- 
talline form depends upon what it is that is combined with the 
silicates of aluminum, whether salts of calcium, sodium, potas- 
sium or barium, to give the range of color, form, hardness, cleav- 
age, specific gravity, etc., found in the feldspar. Feldspar is 
crystalline, has polarity, and might well be a parallel to an 
organic form, but the constituent substances can be changed, re- 
placed, giving distinct, specific end results. In orthoclase, which 
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is a potash feldspar, is the potash a mineralogical unit character? 
It seems to me that the problem of the constitution of natural 
substances is the same in both living and non-living substance, and 
that there is in living substance something very much like that 
which is found in non-living substance in the combining of attri- 
butes from diverse sources into compact and distinct wholes. 

Because a character is sharp and distinct, or may be apparently 
removed, is no necessary reason for supposing that it may be 
taken away as an entity, and no reason whatsoever for believing 
it to be conditioned by a subsidiary mass; rather, we must re- 
gard an organism essentially as we would look upon any inorganic 
substance, as a mass of matter in which the unit is the individual 
with its array of attributes or qualities, or its specific characters. 
It is certain, however, that there is adequate evidence to prove 
the truth of the situation as described by the Mendelians as far 
as the behavior of the attributes is concerned; but the basis and 
cause of this behavior is entirely unknown, and must remain 
unknown until we have replaced by fuller knowledge the present 
crude ideas of the constitution of living substance. 

The situation which has developed in the last few years at 
the hands of the Neo-Mendelians themselves is interesting. 

From the simple conditions discovered by Mendel there has 
arisen through the work of the last decade an array of observa- 
tions tending to show that the Mendelian phenomenon is not 
in many instances as distinct and simple as one might wish, 
and at present divers kinds of variability in the behavior of 
characters are described and attributed, in some instances, to 
several different kinds of latency, to gametic coupling, to vari- 
able potency, to variable dominance, and so on. The situation 
essentially is this, that as investigation has progressed it has been 
discovered that not one, but a host of determining factors (I 
use the word factor as meaning something which makes possible 
a given result, with no idea expressed or implied as to the nature 
of this factor) are operative in the production of alternative in- 
heritance; and in the attempt to preserve the letter of the law 
of Mendelian theory of unit characters with segregation in 
gametogenesis, a host of hypotheses have been developed in order 
to save the original theory. . 
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Among the Neo-Mendelians the assumption is universal that 
all the differences that come out of crosses are entirely due to 
internal factors brought into the fertilized egg by the gametes 
as factors and determiners, to various combinations of allelo- 
morphs, and so on. That some of these variable conditions 
may be due to external causes does not seem to have occurred 
to any of the Mendelians, and no effort has been made to elimi- 
nate in any one case what would first be eliminated in any ac- 
curate physical or chemical work, namely, the effect of surround- 
ing conditions, and forces incident upon the reactions unquestion- 
ably going on in the developing individual. 

Probably most of us will admit that the fertilization process 
represents the bringing together of two more or less like physico- 
chemical masses, and the combining of these into a new body 
with potentialities and capacities which then enable it to go on 
in a constantly increasing series of epigenetic reactions, and onto- 
genetic processes, and finally to evolve into an adult organism. 
The essence of the activity and reaction involved are beyond any 
question physico-chemical in their nature. This being true, the 
first step in the elucidation of this complex array of variability 
in behavior is to determine to what extent surrounding or inci- 
dent forces may modify in a particular case the type of alternative 
inheritance which is found ; when effects of these forces are known, 
then attack can be profitably made upon problems of internal 
factors. This first step I have in part accomplished in a series 
of experiments which form the basis of this preliminary paper. 

• 

MateriaL — The material upon which this series of experiments 
herein described was carried out consisted of three species of 
chrysomelid beetles of the genus LepUnotarsa, which would hybri- 
dize freely and perfectly in all directions: Leptinotarsa signaticollis 
Stftl, a species occurring in southern Mexico at the foot of the 
escarpment on the western side of the Mexican plateau ; Leptino- 
tarsa undecimlineata Stftl, a species confined entirely to the sa- 
vannahs and lower foot hills from Tampico in Mexico, southward 
to Costa Rica and Panama; and Leptinotarsa diversa n. sp., which 
is very similar to the former but is limited entirely to the higher 
foot hills on the border of the Mexican plateau. The reason for 
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choosing these three species was that any two of them, when 
crossed, give only certain very definite and invariable products, 
and I was thus enabled to eliminate many complications and pos- 
sible sources of error. The contrasting characters are as foUows: 
Between L. signaticollis StAI (Fig.i) and L. undecimlineata 
St41 (Fig. 1), in the adult, the elytra of L. undecimlineata have 
deep greenish black longitudinal stripes, edged with a double row 
of punctations, while L. signaticollis has the punctations, but 
not the stripes. The ground color of the elytra in L. signaticollis 
is grayish, while in L. undecimlineakt it is white. No other 
characters in the adult had sufficient contrast to give sharp al- 
ternative inheritance. The tar\-<e of the two are sharply con- 
trasted ; those of L. undecimlineata and L. signaticollis are exactly 



^ H c 

Fli;. r. L. iiinaliiMii S1AI. (.4} A.lult. Sliowing the alMmcc o( plmnrR, 
and the pntrwxiA tlw Imprfsird pundalionion Iht riylr* which bordrr ihp itilpn 
In other ipedn. The •bicnre ol pigmmt amy will trpicwnt [lit nrK>i<\r half d 
• MradrllaD allelomorph. (A) Full-iruwii larvm. Showlni the arranitrninit o( 
black color nutk* upoa the lide* iDd hack ol the Un'v. The grnund ct<lot Id 
thii atate 1* bri|(ht chroiDe yellow. (C) Larva o( arcond ilasr. SliuwInR the char- 
■tteri«(ir color pattern. The (tmund color U a IIkIiI chrome yellow. 

alike in the first stage, but in the second stage L. undecimlineata 
is white and L. signaticollis yellow, Ixith with the same system 
of siMit.s, and in the third stage L. signaticollis is yellow with 
Wfll-dcvfloix-d tergal stripes and L. undecimlineata is pure white 
without striix-s. These difTercnccs are well shown in text Figs, 
1 and 2. 

In L. divfrsa (Fig. 3) the elytra are marked by longitudinal 
siriix's of gn-t-nish black edgt-<l with an irregular double row of 
punitatiims. and the lar\'a.- are in all stages exactly like those of 
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L. sigruUicollis. There are no other simple differences between 
the three species that could be readily utilized in experiments 
of this kind, but the characters used are sharp and striking, and 
satisfy in every respect the conditions demanded bv Mendelian 
hypotheses. 



Fic. I. L. Hndecimlineala Stil. {A) Adult. Showing on the elytra the pres- 
ence ol longitudinal pigmented bands which are bordered by rows of punctation* 
as in L. signalicoUis. The pigmented bands may be considered the positive half 
of a Mendelian atlelomorph. bo that when the two species arecroswd we are following 
all of the Mendelian quallficatlana In crossing the presence and absence ot the same 
Character. (B) FuI1-(!idwq larva, showing the characteristic color pattern in thii 
stage. The ground color is pearly white. {€) Second stage larva, showing the 
characteristic color pattern. The ground color is also pearly white. 

The elytral stripes of L, diversa and L. undecimlineakt repre- 
sent the present or positive character, and the lack of stripes in 
L. signalicoUis the absence or negative factor of an allelomorphic 
pair, the yellow hypodermal color one member and the white 
the other of an allelomorphic pair: yl = ( + )wh = (— ); the 
dorsal spots the presence {+) and their absence the absence 
a(— ) of another pair of allelomorphs— when we view the char- 
acters from the present Neo-Mendelian standpoint. 
- A further reason for choosing this material for this investigation 
is the fact that when crossed it often gives most perfect Mendelian 
results, and in some cases perfect ratios of i :2:i are obtained in 
the second hybrid generation, while other crosses, brothers and 
sisters of the same material, did not give the same, but on 
the contrary, quite different results. For some time I was at 
a loss to understand the reason for this anomalous condition. 
No amount of crossing or investigation succeeded in disclosing 
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the presence of any internal factor, which by its operations would 
produce this result. Careful examination, however, of the rec* 
ords which have been kept in the vivarium where these experi- 
ments were carried on, gave evidence that the differences were 
possibly due to the conditions surrounding the hybrid series 
during development. Accordingly, an array of experiments has 



Fic. 3. L. diPtria. (A) Adult. Showins tbc propitct on tbe elytra ol Ion- 
(Itudinal dark ■tripn in exictly tbe nm« podtlon a* the 'laik ilripa la L. Ba^. 
tim li m ttia . and in tbe podtloa of tli« abKnce of nHpcf Id L. iifiMiKolIti. (fl) 
FuU-grom luva. tbowJni chnnctrriitic colot pattern. Tbe frouad color ii brlfbt 
cbromc jrellow u In L. n'fiMJicoUii. (C) Second ititgc Iwva. ihowiot ehanctcr- 
lulc color pattern. The fround color la yellow. 

been carried out to test this point — do Ike conditions iurrounding 
or incident upon the gametes before and at fertilization and in early 
ontogeny influence in any way the behavior of characters} As far 
as this phase of the modiAability of alternati\'e inheritance it 
concerned, 1 have essayed to investigate it in two ways: first, 
by the usual process of hybrid analysis, as it is practiced in all 
Afendelian uvrk, in which the extracted dominants, recessives and 
heterozygous forms are isolated and carried on as pure cultures, and 
again inbred and tested in the usual U'ayj— essentially experi- 
ments in analysis to determine germinal constitution; second, / 
have carried on a series of complicated experiments in synthesis, 
comparable to those which one would expect to go on in nature when 
two of these species are brought into contact and hybridized, in ordtr 
to learn what the result would be if tu-o sprcies should come in contact 
under different conditions, and hybridize, and these results 1 shall 
describe undir the head of Experiments in Synthesis. 
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Experiments in Analysis. 
Crosses Between L. signaticolUs and L. diversa. 
The first effort was to determine whether or not external or 
incident conditions were in any way responsible for the produc- 
tion of the diversity of behavior found. The first experiment 
was a cross between a male L. diversa and a female L. signaticolUs. 

L, signaticolUs ? X c? i. diversa, 
Exp. No. H 409.* 
A virgin female of L, signaticolUs, from Exp. No. 419, g. XI 
(CCB) was mated with a male L. diversa, from Exp. No. 816, g. 
VI (A), under the following conditions: 

Food : Normal — uniform. 
T. R. H. 

Day Av. 8o* F.dr 5®. Day Av. 75 per cent. ± 5 per cent. 

Night Av. 75® F.:t 8*. Night Av. 75 per cent. ± 5 per cent. 

In the Fj generation the larvae were all alike, as was to be 
expected since the larval stages of the parental stocks are simi- 
lar. These larvae gave rise to Fj hybrid adults distributed 
in two sharply marked groups. One of these groups was 
indistinguishable from the female parent stock, and the other 
was an intermediate between the male and female parental stocks, 
in which the essential contrasting character between the adults 
was in the elytral stripes and these were distinctly midway 
between the two parent types, (a blend). The numbers wer^ 49 
of the signaticolUs type (sig. type), to 53 of the mid type (mid 
type) — practically a i : i ratio. 

Several pairs of each of these types were mated for the F, 
generation. The matings of the signaticolUs type gave in the F, 
generation pure signaticolUs, and further breeding for five con- 
secutive generations gave only signaticolUs types. The progeny 
of the mid type, however,- split in the F, generation into three 
classes, with perfect Mendelian ratios, one like the female sig- 
naiicoUis type, one like the male diversa type, and the mid type. 
For example, pair A, gave: 



sig. type. 


mid. type. 


diversa type. 


observed 59 : 


131 : 


61. 


expected 60.25 


120.50 


60.25 



^ These experiment numbers are those of the original records, which are now 
attached to the specimens preserved as a record of this work. 
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The extracted forms of the signaticollis type, when inbred, con- 
tinued to breed true in F,; the extracted forms like the male 
diver sa type likewise came true in F,, F| and F^; and the mid 
types in generations F, and F^ gave in all cases close approxi- 
mations to the ratio 1:2:1. The behavior observed in experi- 
ments of this class is shown in Plane L, a digest of Exp. No. H 409. 
This behavior would suggest that either. one or the other of 
the parents used was a ''heterozygous form." WTien, however, 
identical material, brothers and sisters of the first, were reared 
under other conditions, a different result was obtained. 

L. signaticollis 9 X rT L. diversa. 

Exp. No. H 410. 

In Plate II. are represented the results obtained in crossing 
a female L. signaticollis and a male L. diversa of exactly the same 
stocks as described in Exp. No. H 409, but under the following 
conditions: 

Food : Normal — uniform. 

T. R. H. 

Day Av. 75» F. -^ 5*. Day Av. 50 per cent. :i= to per oeat. 

Night A V. 50^ P. ±:s^ NUhtAv. 80 per ccoL db 15 per cent. 

In the F| generation of this experiment there was one class of 
adults, invariably of the mid type, and these, when inbred, gave 
in the F, generation a typical Mendelian grouping of types, in 
the majority of cases in as nearly perfect ratio of 1:2:1 as could 
be desired. These two crosses were repeated eleven times under 
the same a)nditions with the same results, the only variation 
being a slight oscillation in the 1:2:1 ratio of the F, generation 
and a slight variation in the mid types. The number of pairs 
that have been used would in itself be sufficient evidence that 
the results were not due to the chance selection of individuals 
which would give these results, but that they were due entirely 
to the n^ndiiions surrounding the germinal materials at the time 
of their combination and during their early development. To 
still further lest the |>oint. a more crucial exjKTiment was carried 
out as follows: 
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L. signaticoUis ? X cf L. diversa, 

Exp. No. H 409/411. 

A female of L. signaticoUis and a male L. diversa were allowed 
to reproduce under the conditions of the first experiment (Exp. 
No. H 409), while a certain number of their eggs were being laid 
(designated as Lot A). These eggs developed normally under 
the following conditions: 



Food : Normal — uniform. 



1. R. H. 

Day Av. 80® F. ± 5.4®. Day Av. 74 per cent. ± 6 per cent. 
Night Av. 75® F. ± 7.8®. Night Av. 75 per cent. ±. 5.7 per cent. 

and gave typical larvae, which gave two classes of adults in the 
Fi generation in the proportion of approximately i : i , or 



Big. type. 



88 : 



mid type. 
94. 



The individuals like the female parent (sig. type), when inbred, 
came true to the type for four consecutive generations, which 
was as far as they were carried ; while the mid types, when inbred, 
gave in the F2 generation marked Mendelian ratios in the pro- 
portion of 1:2:1, the numbers for Pair B being: 



signaticoUis type 


mid type. 


diversa type. 

lOI. 

1 


Observed 98 : 


201 : 


Expected 100 : 


200 : 


100. 



After a few days the same pair of individuals was placed under 
the conditions of Exp. No. H 410: 

Food : Normal — uniform. 
T. R. H. 

Day Av. ±: 75® F. 4.3®. Day Av. 51.2 per cent, ih 11 per cent. 
Night Av. ±: $1^ F. 5.8®. Night Av. 81.5 per cent, rb 14.2 pei cent. 

and there allowed to develop another set of eggs (Lot B). 

These eggs developed normally and gave in the Fj generation 
only a single type like the signaticoUis parent, which, when inbred, 
gave in the Fj generation signaticoUis, and continued to breed 
true for four consecutive generations. This experiment was 
repeated seven times with uniform results, confirming the 
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conclusions drawn from the first two experiments and showing 
beyond doubt that the variability of behavior in the alter- 
native inheritance of the elt>'ral stripes in these two species of 
beetles was due to conditions surrounding and incident upon the 
germinal materials in their most sensitive stages, before, during 
and immediately following fertilization. The behavior common 
to this type of experiment is shown in Plate III. 

With this cross of an L. signaticoUis 9 X cT i. diversa, the 
determination of dominance and the ensuing type of behavior is 
clearly a function of the conditions incident upon the combining 
germ plasms. In the repitition of Exp. No. H 409/411, the 
experiment was varied so that in some cases it was the first 
laid eggs that gave the behavior of Exp. No. H 409, and in others, 
it was the last laid eggs, or those of the middle of the reproductive 
period — showing that the results are not **age results," nor due 
to segregations, nor orthogenesis giving one kind of germ at the 
start, another at the middle, and others at the close of the repro- 
ductive period. 

Cresses Between L. signaticoUis and L. undecimlineata. 

More interesting and complicated results were obtained in 
cn>sses between L. signaticoUis and L. underimlineata, where 
there are contrasting characters between both larvae and adults, 
differences in the specific pattern as a whole, in specific spots 
and in the general body color. Reference to Figs, i and 2 will 
show esst»ntially what these differences are, as far as pattern and 
spots are concerned. In body color of the larva? the difference 
is between a white in L. undecimlineata and a bright chrome 
yellow in L. signaticoUis, 

L. undecimlineata * X S L, signaticoUis, 

Exp. No. H 700 A. 

A virgin female of L. undecimlineata, from Ex. No. 722. g. Ill 
(AA) wiiH crossoii with a male L. signaticoUis from Ex. No. 41Q, 
g. XIII ((W.AC) under the following n)ndition»: 

Fi)OD : Normal — t'NiFoui. 

T. R. H. 

IHy Av. ♦ 05* F. 3-5*. I>ay Av. 84 per cent. - 8 per ctnt. 

Night Av. * Sy* K. 4.8*. NiKht Av. too per cml. 
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This mating gave larvae in the F^ generation which were of the 
female parent type, t. e., white without tergal spots in the third 
stage, and from these emerged a single type of adults, all of the 
female parental type. These, when inbred, came true, giving 
individuals like themselves, and continued to breed true for six 
generations. No traces of sporadic variations of any kind in 
either adult or larva were found, nor was there in this strain any 
trace of the male parental type. In this cross, which I have 
repeated five times, the male type was as completely eliminated 
as if it had never existed. Plate IV. shows the behavior in the 
first and second hybrid generations. 

Question as to this result might be raised on the grounds 
that it is a case of parthenogenesis and not a case of hybrid- 
ization at all. As a matter of fact, parthenogenesis in Lep- 
tinotarsa is unknown, and although I have repeatedly endeav- 
ored to obtain parthenogenetically developed individuals, I 
have always signally failed. Virgin females of L. undecimlineata 
have been repeatedly subjected to chemical stimuli (i. e., injected 
salts of Cu, Na, Li, Sr, Ba, Cu, Zn, etc.), and physical stimuli 
(i. «., mechanical shocks, electric stimuli, etc.), which might be 
productive of parthenogenetic development, but thus far without 
any success whatever. 

In a second series of experiments, an exact duplicate of the 
first, a female was allowed to develop eggs and deposit them, 
and these eggs uniformly failed to develop even to the earliest 
cleavage stages. No development and no fertilized eggs were 
found from this female until the eggs were fertilized by a male 
L. signaticollist when development progressed in the regular man- 
ner and gave results identical with those of the first experiment. 

L, undecimlineata 9 X cf L. signaticoUis. 

Exp. No. H 700 A. 

A virgin female of L. undecimlineata, from Exp. No. 722, g. 
Ill (AB), was crossed with a male L. signaticoUis, from Exp. No. 
419. g. XIII (CAAC), under the following conditions: 

Food : Normal — uniform. 

r. R.H. 

Dmy Av. 75** F. ± a® . Day Av. 80 per cent. ± 5 pcf cent. 

Nieht Av. 70® F. ±. 3.5**. 80-90 per cent. ± s'pcr cent. 
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From this cross there came larvae which in the F, generation 
were all of the female parental type, and from these emerged a 
single class of adults intermediate between the two parents, a 
mid type. These adults, very uniform in character, when inbred, 
gave in the F, generation abundant progeny. The larvae of the 
Fj generation were in the first stage all alike; in the second stage 
they were clearly divisible into two classes in the proportion of 
white 245: yellow 190; while in the third stage the yellow lar\'ae 
further divided into larvae which were yellow with black spots 
on the back (YIS), and yellow without black spots on the back 
(Yls). The white larvae similarly divided into two classes, white 
with black spots (WhS), and white without black sopts (WTis). 
The census of larvae in the third stage gave for Pair C: 

vniM whs VIS vi« 

170 75 5« 132 



Each of these classes of lar\<e was somewhat variable, and it 
was often difficult to decide in the case of a white larva whether 
it belonged in the class with black spots or in the class without 
black spots, because there is an almost continuous gradation of 
color from zero to a full development of the dorsal a)lor pattern. 
In making the division, the practice was followe<l of examining 
the larvse with a lens magnifying ten diameters, and if the slight* 
est trace of pigment was detected in the centres in which pigment 
develo|>s, they were then classed as larva* with sjxits, even though 
the spots were not visible to the unaided eye. 

EUich of these four classes of lar\';e gave rise to three classes of 
adults, that is, each one split into forms like the female ty^ie. 
like the male tyi)e, and an intermeiliate type. In ever>' case 
each of the four classes has given a typical Mendelian splitting 
in the seamd hybrid generation, but the ratios are in most cases 
somewhat variable, owing to the neix*ssity of breeding these F, 
hybrids under rather variable a)nditions. The behavior in this 
culture ih shown in Plate V. The census of the adults deri\*ed 
from Pair C was is follows: 
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170 Whs larvae gave: 



t 



; 75 WhS larvae i^ave:, 

I 

58 YIS larvae gave: 
13a Yls larvae gave: 



lineata type. 


mid type. 


sig. type. 


I4<i' 22 9 


24d^ 259 


Ad" 79 


36 


49 


II 


3c^ 89 


9cP II 9 


6d^ 49 


II 


20 


10 


4d* 49 


6d^ 10 9 


Sd* 49 


8 


16 


9 


Pd' 7 9 


aad^ 25 9 


i7cf is9 


16 


27 


32 



Ratios of these adult types 71 : 
Expected 63.75 



132 : 
127.50 



62 : 
63.75 



Four experiments of this type have been carried through to the 
fourth and fifth generations with perfectly uniform results thus 
far. 

L. undecimlineata 9 X & L. signaticollis. 

Exp. No. H 701. 

A virgin female of L. undecimlineata^ from Exp. No. 722, g. 
IV (E), was crossed with a male L. signaticollis, from Exp. No. 
419, g. XIII (CAAB) under the following conditions: 



Food : 
T. 
Max. 105® F. 
Min. 80** F. 
Av. 92"* F. 



Normal — uniform. 

R. H. 
Max. 85 per cent. 
Min. 70 per cent. 
Av. 79 per cent. 



The larvae of the F^ generation were in the first stage identical ; 
in the second stage they were clearly divisible into sharply marked 
classes of white and yellow in the proportion of wh. 30: yl. 26. 
The yellow larvae in the third stage divided into YIS 1 1 and Yls 9, 
and the white larvae gave three groups: pure pearly white like 
the female parent, whs i; larvae which were yellowish white 
without spots, whys 14; and larvae which were yellowish white 
with spots, whyS 10. The dorsal spots of the larvae in the third 
stage were in this case variable. The single pearly white larva 
gave rise to a female exactly like the parent type and four classes 
of larvae: white without spots (Whs), white with spots (WhS), 
yellow without spots (YIS), and yellow with spots (Yls). Each 
g:ave rise to a group of highly variable mid types, in which the 
range of variation was from the condition of the female parent 
to that of the male parent. Fourteen pairs of these were tested 
out in the F, generation and they were all found to be uniformly 



300 WILLIAM LAWRENCE TOWER. 

mid types, that is, they were "heterozygous** in their nature and 
every one of them gave, when inbred, the following behavior in 
the F, generation : the larvae in the first stage were all alike, in the 
second stage they were clearly divisible into two types, white and 
yellow in a proportion of approximately 1 : 1 ; in the third stage 
the larvae of all the mid types divided into four classes: white 
without spots (Whs), white with spots (WhS), yellow without 
spots (YIS), and yellow with spots (Yls); and each of these 
classes gave three classes of adults, that is, from the white larvae 
without spots came forms which were exactly like the female 
parent, forms exactly like the male parent, and an intermediate 
type. The same classes of adults came from the white larvae 
without spots, from the white larvae with spots, from the yellow 
larvae with spots and the yellow larvae without spots, giving thus 
twelve ^harply marked categories of adults in the second hybrid 
generation, each having a definite type of behavior and carrying 
presumably a definite gametic constitution, the product of its 
past experience. The census of larval characters from nine nutt- 
ings was as follows: 

Wh«. Whs. YIS. YU. TouU. 



Pmir A. 


no 


39 


28 


53 


230 


Pair B. 


333 


92 


30 


71 


4*6 


PairC. 


a4S 


«3 


65 


116 


5" 


Pair D. 


92 


7a 


44 


51 


259 


PairE. 


107 


64 


40 


3« 


t43 


PairG. 


III 


29 


57 


102 


399 


PairL 


70 


22 


21 


52 


165 


PairIC 


170 


75 


5« 


13a 


435 


PairL. 


271 


69 


70 


164 


574 



Total. 1.411 545 413 77a ' 3.a43 

From these larvae there came the three types: sii^naiicoUis 

(sig.), mid (mid), and undecimlineata (ii-lin.) as follows: 

Uh» Ijuvjt. WbS Ur>K. MS I-w%«. Yts 1^*k. 

II ^n. mill kig. II Im. mul. ug. ii lin ntid. m^. ii lin mid u^ 

Pair A. ' I5 34 <4 5 '4 6 t t 8 lO 7 | 21 12 

Pair B. 39 43 ao 13 35 5 3 10 5 6 28 9 

Pair C. 43 < 7J 32 20 26 9 10 27 19 7 1 a6 it 

Pair I. 14 36 7 4 8 6 1* 8 7 I t8 IJ 

Pair IC 36 49 II II 20 10 4 16 9 ' 16 47 32 

Tot*:. 147 J.U «4 53 10.1 3ft 20 69 so 37 150 78 

lA hybrid tport 9 wlih the rlytraJ stHpe* double — becauae the anccttor ol 
a itablr race 
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OR 










I i-lin. 




mid. i 

1 


sig. 




ObMrved. 
Expected 


257 : 
275: 




556: 

550.50 : 1 


288. 
275 25. 





These have been carried on into subsequent generations, and 
It has been found that the twelve extracted types resulting in the 
second hybrid generation are different from each other, even 
though they may appear superficially alike. The general be- 
havior and results obtained in this experiment are shown in 
Plate VI. 

L. undecimlineata 9 X c? L. signaticoUis. 

Exp. No. H 700. 

A virgin female of L. undecimlineata^ from Exp. No. 722, g. 
I, was crossed with a male L. signaticollis, from Exp. No. 419, 
g. X/ (DC), under the following conditions: 



Food : 
T. 
Max. dt 81* F. 
Min. dr 70* F. 
Av. 75 6** F. 



Normal — uniform. 

R. H. 
Max. =b 87 per cent. 
Min. dt 69 per cent. 
Av. 77.11 per cent. 



This cross gave rise in the Fj generation to larvae all alike in 
the first stage, which in the second stage separated into two 
classes, yellow and white, and in the third stage remained as 
two classes, white without spote (Whs) ^nd yellow without spots 
(Yls) (Whs 37 : Yls 45). The white larvae (Whs) gave rise to 
twenty-one individuals exactly like the female type (12 cf, 9 9), 
and the yellow without spots (Yls) gave rise to twenty-four 
individuals of the mid type (11 c? 13 ?), a ratio of 7 : 8. The 
individuals like the female parental type, when inbred, gave a 
typical repetition of the ontogeny of the female parental stock 
with adults like themselves, and continued to do so for four 
consecutive generations without any indication of the male parent 
type appearing. The mid type, when inbred, gave in the F, gener- 
ation typical results. The larvae of the first stage were all alike; 
they divided into yellow and white larvae in the second stage in the 
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proportion of yl. 83 :wh. 154, and in the third stage the white 
lar\'ae split into 

Whs. WTiS. YIS. Yin. 



38: 33* 31: »o. 

or approximately 4:2:2:1. Each of these groups then gave 
rise to three classes of adults, precisely similar to those found to 
arise in the second hybrid generation in Exp. No. H 701, that is, 
from each of the four larval groups there arose forms like the 
female parent, others like the male parent, and an intermediate 
form; and these three categories of adults are clearly distinguish- 
able one from the other without intermediates between them. The 
general results and behavior of this experiment are shown in 
Plate VII. 

L. undecimlineata ^ X T L. signaticollis. 
Exp. No. H 701 B. 

A female L. undecimlineata, from Exp. No. 722, g. IV (E), 
and a male L, signaiicollis from Exp. No. 419, g. XIII (CAAB), 
were crossed under the folUmHng conditions: 

Food : Normal — uniform. 

T. R. H. 

Max. t qS* F. Max. * 95 pet c«it, 

Mln. * SO* F- Mln. «- 40 per cent. 

Av. So.a' F. Av. 68 per cent. 

and gave rise in the F, generation to larva* which were all alike 
in the first stage, but which separatini into yellow and white in the 
8ea)nd stage, in a proj^rtion of yl. 21 : wh. 28 ; the while larva? re- 
mained white larv;r without sf>()ts in the third stage and the yellow 
larva* n»mained yellow larv'ip without sfxHs in the thin! stage. 

From the white larv;e without si>()ts there came a tyjx? exactly 
like the female pari»nt (2 ^\ 2 ♦ ). which, when inbred, con- 
tinut'ii to bret*<l true; and from the yellow without s(x>ts came 
two clasN<'» of adults, a tyf)e exactly like the male j)arent (3 ^^ 
2 • ,), and a mid tyjK* (3 ' , 4 • ): of the thret* tyfK^s appearing 
in the F, gmi'ration, which are sharply marke<i one from another 
without any trace of intermediates, the ol^^^t^rxeti numbers were: 
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ii-lin. type. mid type. si*?, type. 



4 : 7 : 



In this experiment in the Fj generation three distinct types 
appeared, one like the male parental type, one like the female 
parental type, and a mid type. E^ch of the derived types was 
inbred- for four consecutive generations and continued to 
breed true, neither one giving any indication of the other 
stock. Of the mid types several pairs were mated and gave 
the same results as those obtained from the mid types in 
Exp. No. H 700, H 701, etc. Thus, in Pair A, the larvse in the 
first stage were all alike; in the second stage they split into 
white and yellow in a ratio of wh. 55 : yl. 45. The white split 
into white without spots (Whs 27), and white with spots (WhS 23) ; 
and the yellow split into yellow without spots (Yls 14), and yellow 
with spots (YIS 25). The four classes of larvae gave adults of the 
Fj generation, each producing three classes sharply demarked 
one from the other, as in the previous experiments. Plate 
VIII. shows the behavior and results obtained in this experi- 
ment. 

In this series of experiments the behavior in the first and second 
hybrid generations indicates a variability in the reactions which 
take place between the combinations brought about in the germ 
plasm at fertilization. As stated in the introduction, I have 
not been able to show the existence of additional characters 
latent or recessive, which might bring about the variability in 
behavior observed, and the problem is to account for this vari- 
ability. 

In the absence of evidence to the contrary, the characters seen 
may safely be assumed to represent tha characters involved, and 
it is perfectly clear, in crosses between L. signalicollis and L. 
diversa, and between L. signalicollis and L. undecimlineala, 
that when identical materials were placed under dissimilar con- 
ditions, dissimilar types of behavior resulted without the pro- 
duction of anything new or unusual in the way of attributes in 
the resulting progeny. In the case of Exp. No. H 409, the be- 
havior there strongly indicated that either one or the other of 
the two parents was heterozygous in character, and such an inter- 
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pretation would perhaps be perfectly valid were it not for the 
fact that identical materials placed under dissimilarc onditions, 
as in Exp. No. H 410, give such a result that one would not be 
warranted in assuming that either of the parents was hetero- 
zygous, but that both parents were homozygous in the strictest 
sense. Even this might possibly be accounted for by assuming 
that chance had brought about the selection of homozygous 
individuals for one series of experiments and heterozygous in- 
dividuals for the other. This interpretation, however, is invali- 
dated by Exp. No. H 409/411, in which a male and a female 
of material identical with that used in Exp. No. 409 and Exp. 
No. 410 were allowed to reproduce under the conditions of Exp. 
No. 409 for part of their reproductive period, and under the 
conditions of Exp. No. 410 for the remainder. From the eggs 
developed and fertilized during the first period came results in 
every way comparable to those obtained in Elxp. 409, and from 
the eggs developed and fertilized during the second period came 
results in every way the duplicate of those obtained in Exp. No. 
410. 

These experiments are crucial as far as this case is concerned, 
for the simple reason that it is inconceivable that during one 
period all the heterozygous germ cells would be developed, and 
during another period all the homozygous cells. Any such as- 
sumption is preposterous, and the only interpretation that one 
can legitimately use is that conditions surrounding and incident 
upon the germ cells at the time ot and immediately following 
fertilization were in some way productive of the differences in 
behavior found. 

In the series of experiments between L. signaticollis and 
L. undecimlineata, a more complicated behavior is found, due 
to the fact that more characters are involved. As in the 
first series, similar materials reared under dissimilar condi- 
tions gave dissimilar behaviors, but without the production of 
any new types or characters in the materials; that is, there are 
apparently no strange attributes present, but simply a varia- 
bility^ in the behavior of attributes already present, and this 
variability in behavior may be of profound importance in evolu- 
tionary processes. 
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In this preliminary account of the experiments, I have given 
only the crosses between the female L. signaticollis and the males 
of L. diversa and the female L. undecimlineata and male L. sig- 
naticolUs. The reciprocal crosses have been made and confirm in 
every way the results obtained in the crosses given, but in 
this paper the object is not the investigation of variability of 
behavior in reciprocal crosses, but an elementary consideration 
of the effect which incident or surrounding conditions may have 
upon the behavior of characters in hybridization. A more de- 
tailed treatment of this work must be postponed for a more 
extensive publication. 

The results obtained in both sets of experiments are in general 
very much in harmony with results which have been obtained by 
certain workers in experimental embryology, with this difference, 
that in this case the analysis has been carried out through two 
or more generations, and in the case of experimental embryology 
the experiments cease with the obtaining of larval forms. 

The whole question of dominance is at the present time a try- 
ing one. Practically all the criteria which have been proposed 
from time to time for the detection of the dominant member 
of a cross have in one way or another been broken down, and 
Davenport's definition, that the dominant member of a cross is 
only to be detected, in many organisms at least, by the determina- 
tion of which character is the more variable in subsequent genera- 
tions, seems to me not likely to be of general applicability. In the 
materials which form the basis of this paper it could not possibly 
be used, because both of the extracted forms are at times equally 
variable, at times one is more variable than the other, and at 
other times both are relatively invariable. 

What determines the dominance of one parental type over the 
other is a question of vital importance in both normal and cross 
fertilization. Apparently, one of the earliest workers to attack 
this question was Vernon in 1898. He suggested that the hybrid 
echinoderm larvae which in the summer were largely maternal in 
type, and in winter were largely paternal in type were due to 
the relative differences in the ripeness of the sexual products used 
in the cross. 

Doncaster, in 1904, concluded that temperature was the chief, 
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if not the sole cause of the changes observed by Vernon; and 
Herbst's work in 1906-07 on the echinodenns showed definitely 
that temperature is a contributing, but not the exclusive fac- 
tor. Tennent in 19 10, by crossing Hippono^ esculenta with 
Toxopneustes variegatus at Dry Tortugas, Florida, reached the 
general result that in normal sea water Hipponoe is the 
dominant member of the cross in the plutei; and in sea water 
to which sodium hydrate had been added, increasing the 
alkalinity, he found that Hipponoe was also dominant irre- 
speotive of the direction of the cross; but when a small 
proportion of acetic or hydrochloric axid was added to normal 
sea water, thus decreasing the alkalinity, he found that Toxop- 
neustes was dominant. This he considers an explanation of the 
seasonal variation described by Vernon, but it is not quite clear 
just what could be the basis of a seasonal variation of the alka- 
linity or acidity of a large body of ocean water like that of the 
Gulf of Mexico; rather, it is entirely conceivable, as Vernon 
states and as Herbst demonstrates, that temperature is at least 
a factor capable of producing variability in the dominance of 
various crosses. These results of Vernon, Doncaster, Herbst and 
Tennent deal with the early stages, and none have been carried 
to Fj generation adults, or into the F, and Fj generations. In 
my crosses exactly similar results have been produced by sub- 
jecting the organism to different sets of conditions during the 
fertilization period, and this has brought about divergence in 
behavior, which divergence has continued into the second and 
third generations, and the products of the variability are in every 
way constant and fixed from the start. 

These results indicate that in the fertilization process the 
two somewhat unlike germinal substances that are being com- 
bined, and interact one upon the other in exactly the same 
way that two non-living substances would; that is, the pro- 
ducts of the interaction are the resultant of the natures of 
the two substances and the conditions under which the com- 
bination took place. We must not, therefore, expect to find a 
factor which determines dominance, such as temperature, al- 
kalinity, moisture, etc., but rather must determine the com- 
plex under which, when two materials are combined, definite 



THE DETERMINATION OF DOMINANCE. 3O7 

results are produced. When the same materials are combined 
under the conditions of some other complex we may expect, 
and do find, that there are differences in the behavior and in the 
products produced. 

That this production of variability in behavior and in the 
determination of dominance by incident factors is a real and 
vital process in nature, I have attempted to show by a second 
series of experiments, in which I placed definite organisms 
together in a state of nature where they would interbreed freely, 
in order to see what the resulting products would be. These are 
the experiments in synthesis. 

Experiments in Synthesis. 

The purpose of these experiments was to determine what the 
result would be when species which cross freely, and some of 
whose characters behave Mendelianwise in experiment, were 
brought together in a state of nature. It is frequently main- 
tained, especially by systematists, that crossing in nature, while 
uncommon, when it does occur is without much effect — a broad 
statement made d priori, and grounded in the orthodox belief 
that species for the most part are physiologically isolated one 
from another. 

An extensive set of these experiments has been in progress 
for some years, some few of which have now developed far enough 
to allow of rather definite statements. ' The method employed 
has been to take species derived from nature from some restricted 
locality, to keep close watch upon what goes on in this locality 
and also to analyze the composition of the species from this 
locality by cultures in the laboratory. In this way, stocks of 
known character are obtained from experiment, and also natural 
stocks whose attributes are well known are developed in the 
type localities. In the experiments in synthesis either pedigreed 
stocks from the laboratory, or the stocks from nature, or both, 
were placed in nature upon their food plant in isolated locali- 
ties, or in large cages, and allowed to breed as if the introduction 
were a natural one. 
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Competition Hybridization Experiments between 
l. signaticollis and l. undecimlineata. 

L. undecindineata X L. signaticcUis. 

Exp. No. C. H. 47.3 Cuemavaca. 

In 1904, an isolated area of about an acre upon the southern 
slope of a barranca, near Cuemavaca, was planted with food 
plants, upon which both L. sigruUicoUis and L. undtcimlineata 
would feed. In July, 1904, this spot was stocked with a culture 
of 210 specimens of L. signaticcUis, from a standard location about 
a mile and half distant, and 354 specimens of L. undecimlineala, 
obtained at El Hule, on the banks of the Rio Papaloapan. 
Each of the groups was equally divided between the sexes, 
were young and vigorous, immediately began breeding and inter* 
crossed freely. Under experimental conditions these forms cross 
freely in both directions, but out of them no new characters 
come as the result of ordinary crossing. 

In the first generation of this colony there was an abundance 
of individuals of both sexes of the signaticoUis t>'pe, and of the 
undecimlineata type, and of a highly variable intermediate hybrid 
type. A census was made of the population on August 14 to 17, 
with the following results: 

signaiicoUis type mid type. und4€imi$iuaU type. 

4.S1S 11.744 S.ogi 



In this experiment, it was, of course, impossible to tell from 
inspection whether the signaticoUis individuals were pure signa- 
ticoUis, or pure signaticoUis and a hybrid with the signaticoUis 
dominant, and the same was true with respect to the undecim- 
lincata. All of the beetles entered into hibernation during the 
latter part of August, and early September of 1904. The food 
plants survived the long hard dr>' season and came up in the 
spring of 1905 in abundance, and in June, 1905, individuals of 
all three tyfx.*s emerged and were found to be interbreeding freely. 
A census made of the individual which emerged late in June 
gave the following results: 



sittMii£oiiis ty|)e. mid type, 

i.oa? 1.744 



47« 
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which clearly indicates that through some cause the hibernating 
conditions of the location were favorable for signaticollis^ but were 
decidedly unfavorable for the undecimlineata and for the interme- 
diate hybrid type. These individuals were allowed to interbreed 
freely and produced a numerous progeny, in which the larvae 
were of four different types; white without spots, white with spots, 
yellow without spots, and yellow with spots. The second genera- 
tion emerged from the middle to the end of July, 1905, and 
showed a huge preponderance of the signaticollis type. The 
census of a random sample taken the last week in July gave the 
following count: 



signaticollis type. 


mid type. 


undecimlineata type. 


1.244 


1.192 


367 • 



These individuals were not removed from the colony ; the census 
of the sample was made, the individuals put back, and the colony 
allowed to encounter the conditions and behavior which it would 
meet in a state of nature. Nine pairs, taken at random, of the 
undecimlineata type were bred out as pedigreed cultures during 
August and part of September, 1905, and gave uniformly an 
undecimlineata progeny. Seven pairs of the signaticollis type, 
which were bred out, gave uniformly a signaticollis progeny, and 
out of five other pairs there appeared individuals of the mid type 
and of the undecimlineata type, showing that some of the signa- 
ticollis type were hybrid in character. Six pairs of the mid type 
were also bred out as pedigreed stock, and showed themselves to 
be in every case hybrid. 

The third generation was produced in August and early Sep- 
tember, 1905. In this the larvae were of the same four classes, but 
showed a huge preponderance of yellow larvae (YIS). A count 
made late in August, when perhaps the bulk of the larvae had 
entered into pupation, gave the following results: 



Whs ' WhS YIS YI9 



205 227 849 321 



The adults of Generation III. emerged early in September; 
a census made about the middle of September gave the following: 
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signalicolHs type. mid. type. undecimlineata type. 

a.453 837 3lS 

showing again a marked decrease in the undedmlineata form, a 
lesser decrease in the intermediate hybrid type, and a much 
greater relative increase in the signaiicoUis type. Tliese hiber- 
nated during the winter of 1905-1906 and emerged in June, 1906. 
They were allowed to interbreed freely. The population was 
not seen at the time of emergence, but in the fourth generation 
it was obser\'ed in July, 1906, and the ii4ineata type and the 
mid tyi)e were nearly absent. The census made at this time, 
when the first generation of the year was apparently at its height, 
gave the following results: 

signciicoUis type. mid type. undrcimlituata type. 

3.275 45 7 

These then inbred and the colony was next seen in September 
at about the middle of the month, when the census of the indi- 
viduals in the colony was as follows in Generation V. : 

sigHciicoUis type. mid type. undtcimlineata type. 

1.833 6 o 

ThcM? hibernated during the winter of 1906-07 and emerged in 
June. 1907, reproduced at once, and gave an abundant progeny 
which emerged as Generation VI. l>etween the loth and 25th of 
July. These when seriated gave the following results: 

iignaticoUis type. mid type. undecimlint^ii type. 

2.25.S a o 

The sea>nd generation of 1^)0^ emtTgt»d late in August and 
early in Septeml)er, and of this j^fneration the undecimlineata tyjjc 
was entirely al)sent, and the mid tyjx' practically so. These hiljer- 
naitnl and when seen in the spring of 1908 only the signaticoUis 
tyjR' emerged. Both g^'nerations of 1908 and lx)th generations 
of i(;o<; have devcloiKnl the presi*ncx* of the signcticoUis type 
only. 
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In 1908 individuals from this location were brought to Chicago 
and carried as pedigreed cultures in the laboratory. They have 
shown a complete gametic purity as far as could be determined, 
and none have been detected which were hybrid in character. 
In this colony, isolated in its location, through some process or 
other in hybridization or perhaps by selective factors, signaticollis 
has completely subjected and eliminated undecimlineata. Inas- 
much as L. undecimlineata^ when protected from crossing, lives 
well at Cuernavaca, and the selective action is very low, I 
am of the opinion that the swamping of undecimlineata is due 
to some process of hybridization. This opinion is fully justified 
by experiments conducted in cages which eliminate selective 
factors. 

L. undecimlineata X L. signaticollis, 

Exp. No. C. H. 47.4 Paraiso. 

This experiment was begun in 1905, when one hundred indi- 
viduals were taken from the standard colony of L, signaticollis 
at Cuernavaca, and, with an equal number of L. undecimlineata, 
from El Hule, were planted upon a vigorous growth of their food 
plants in a clearing made in the Foot Hill Rain Forest, in the 
Paraiso district not far from Ojos de Agua, in the Canton of 
Zongolica. They were observed to intercross freely, but there 
was a preponderance of undecimlineata-like forms, with a few 
intermediates, and only small numbers of the signaticollis type in 
the first hybrid generation. The census made of the first hybrid 
generation was as follows: 



signaticollis type. 


mid type. 


undecimlineata type. 1 





56 


1.342 



A third generation was produced in late November, and in 
that generation there were no signaticollis forms visible; there 
were only a few of the hybrid intermediate type and these all 
closely approximated the undecimlineata form. The census ob- 
tained late in November was 



signaticollis type. 


mid type. 


undecimlineata type. 





II 


I»i34 
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In 1906, 1907 and 1908 these cultures were allowed to shift 
for themselves, and the food plants were nearly swamped by 
immigration into the glade of plants from the surrounding Rain 
Forest ; in fact, the whole culture was allowed to engage in a most 
desperate struggle for its existence. As far as the beetles were 
concerned, this was simply a struggle for food. In 1908-1909 
the inroads which had been made by other plants had so reduced 
the number of Solanums that the food supply was inadequate. 
During these years, however, no trace of the signaiicoUis type 
has ever appeared. In 1908, material of the undecimlineata type 
was taken from this culture to Chicago, and there subjected to 
the tests of pedigree analysis, but without any trace of the 
signaiicoUis form appearing. In both experiments, however, at 
Praesidio and at Cuemavaca, the resulting materials were different 
in the gametic make-up from the original species. Superficially, 
these stocks could not be told from the natural species, but when 
used as the basis of experiment under control conditions, it was 
found that there resulted a difference in the behavior of the 
subsequent hybrid generations, clearly indicating a change in the 
gametic constitution of these groups of individuals. 

Other experiments involving the same two species are in prog- 
ress, under desert conditions at Tucson, Ariz. 

Competition Hybridization Experiments Between L.decem- 
lineata, L. oblongata and L, multitceniata. 

A series of experiments, more conclusive and under better 
conditions, has been carried on, using three species: L. 
decemlineata, L. oblongata and L. multitceniaia. Of these, in 
nature, L. decimlineata is limited solely to the United States 
and southern Canada; L, muUitceniata entirely to the southern 
portion of the plateau of Mexico, and L, oblongata to the Balsas 
Valley and the Oaxaca-Guerrero Highlands. These species inter- 
cross freely under experimental conditions and present the follow- 
ing contrasting characters for consideration. The general ground 
color of the larvae of L, decemlineata is wine red, that of L. oblon- 
gata and L. muUitceniata chrome yellow. L. decemlineata and L. 
multitcmiata have two rows of spots along the side in the larvae, 
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while L. oblongata has one. L. obUmgala, as shown in Fig. 4, 
is long and oval in outline; L. decemUneata, as shown in Fig. 4, 
is more rounded; and L. multitteniata is robust in type. There 
are also color differences between the species, which need not 
concern us here. Three experiments will serve to illustrate 
the purpose of this paper. 



Fig. 4. Amnged to show some of the essential differencea between the ipedei; 
L. oblongata, L. mnIliMHWilii and L. dctimtiiuala, {A) Showing the torni and 
characteristic mEukingsof the adult of L. oblontala. (£) Adult of L. niMUilanuUih 
■howing the moi* robust form and somewhat different type of general color pattern, 
Bbaiplp dittiDgufshing it from both of the other species. The elyctal ground color 
is often dark ochre, sometimes even reddish. (C) The type of L. dectmliiuala 
used in these experiments, somewhat intermediate between the two otbn spedet 
in body form, and to a cerUin extent In marlcingB. (D) Showing the lide view of 
a full grown larva, with its color pattern. The ground color Is yellow and that ol 
the adult somewhat variable. (£) Adult larva of L. Mu U iU r niala, with the char- 
acteristic color pattern. Ground color is yellow as In L. oibrntala, but darker. 
(F) Shows the characteristic color pattern of l~ d4C£mlintaia\ the ground colot of 
tlie larvsc is wine red. 

L. decimUneata X L. oblongata X muUitaniala. 

Exp. No. C. H. 156.2 Balsas. 

In 1903, twenty L. decemUneata, from pedigreed culture Ex. 

No. 99, g, X from Chicago; twenty L. oblongata, from pedigreed 

culture at Cuernavaca, and twenty L. multitaniata, derived from 
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an isolated standard locality in the valley of Mexico south of 
Guadalupe, were placed on an isolated island in the Balsas River. 
This island was fairly well covered with a growth of Solanum 
roslratum, or a closely related form, upon which all three 
species would feed. As far as could be discovered, the island 
was devoid of any individuals of L. oblongata which occur very 
sparingly in that general region, and the neighboring banks of 
the river and the islands were all searched, but they afforded no 
trace of L. oblongata. These introduced beetles were allowed to 
breed and gave the first hybrid generation in August, 1905. In 
this generation only the adults were seen, and of the adults we 
could recognize definitely five forms: 

(A) Those which on inspection appeared to be wholly L. decern- 
lineata; (B) those which appeared to be wholly L. oblongata; 
and (C) those which appeared to be wholly L, multit<miata. 
There were individuals which were manifestly intermediate hy- 
brids, in form, punctation and coloration, between L. decern- 
lineata and L, oblongata (D); and between L. decemlineata and 
L, multiUtniata (E). Of these five forms a census was made 
with the following results: 

A B c u E 

3*7 371 14^ 1.439 246 

All the individuals were allowed to remain in the colony and 
interbred freely in August, giving early in September a second 
generation, of which the following census was made: 

ABODE 

46 101 go 1.29a 210 

These hilwrnated during the winter of 1905-1906, and were not 
seen a^ain until 5>eptemlK»r, 1906, in the fourth hybrid generation 
of the culture. At this time the dominant form was manifestly 
a ct)mbination Ix'tween L. decemlineata^ L, oblongata and L, 
muUitaniiita, with the oblongata -decemlineata attributes in excess 
of th<>>e of L. multitaniuta. (\ o>mbination lK*twi'en classes D 
and K of F, and F;.) 
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B 



25 12 



-h E_ 

2,210 



The huge preponderance of this complex type, which was 
neither one nor the other of the three species, suggests at once, 
of course, that the results could not be due tp any selective 
process, because the type was not one of the original types but 
a hybrid complex which was preserved because of its fitness for 
the location in which it was living. 

The wintering condition of 1906-1907 were especially rigorous, 
at least as judged by the number of beetles that I found in that 
location in 1906-07, when the following census was made: 



A 

o 



B C I D -h 

422 



This shows that during the winter practically only the hybrid 
combination was able to survive. These reproduced and gave 
a progeny late in July, 1907. An inspection was made early 
in August when I found only the dominant type present in the 
fifth hybrid generation. 



B c ; D -h 



1.877 



The culture was not seen again until the spring of 1908, when a 
considerable number of the dominant form of the sixth hybrid 
generation was found emerging. These were taken to Chicago 
and subjected to analytical experiments and were found to breed 
true, both in group and in pedigreed cultures, with this exception, 
that in both group and pedigreed cultures, there occurred 
from time to time sporadic variants often standing a con- 
siderable distance apart from the rest of the population, which, 
when inbred, either with sports like themselves, or back to the 
parent type, gave behaviors which in every way are comparable to 
the behavior observed in many of the forms which are supposed 
to have arisen by a mutative process. These strains were kept 
through the years 1908 and 1909, and gave results which strongly 
suggested that the interpretation of a mutative period, as de- 
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scribed by De Vries in Oenothera Lamarckiana, may well be the 
variability which follows complex processes of hybridization. 

L. decemUneata X L. oblongata X L. multitttniaia. 
Exp. No. C. H. 156.4 Escamela. 

In 1906 operations were begun at Orizaba, and in May the 
same three species from the same original stocks were mated. 
Conditions at Orizaba are decidedly different from those in the 
Balsas Valley. The city is 2,000 feet higher in altitude and 
the climate is very different. In the Balsas Valley during the 
summer the days are bright and hot, with evening showers. At 
Orizaba, in the location chosen at the foot of the Sierra Escamela, 
it is never above 90® even on the hottest days, and the nights are 
always cool, owing to the downward draught of cool air from the 
mountains which flows over the valley at night. The relative 
humidity is high at all times, and the precipitation during the 
season was 74 inches. 

Under these conditions the crosses which were made thrived 
as far as certain members were concerned; the L. multitantata 
individuals were decidedly reduced by the conditions under 
which they were living and the L. oblongata individuals were 
hampered considerably, but to a lesser degree. Crossing was 
observed, however, among the component species in all directions, 
and progeny emerged in July, showing a combination to have 
been formed between L, oblongata and L. decemlineata, with the 
L. multitceniata type and attributes practically wanting. The 
population, when examined, showed individuals which were ap- 
parently dominated by L. decemUneata (A) to the exclusion (as 
far as visible) of all others; individuals which were very clearly 
intermediate between L. decemUneata and L. oblongata (B); 
and individuals which were more or less intermediate between 
L. decemUneata and L. multitaniata (C). Of these the inter- 
mediate between L. decemUneata and L. oblongata existed in by 
far the greatest numbers, as shown by the following proportion: 

ABC 

131 397 9a 
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In as much as this experiment was conducted in a large cage 
and not in the open, it was manifestly impossible to utilize all 
the individuals which emerged, so a reduction was made for the 
matings for F„ excepting that any extreme or rare types were 
given every advantage over the more common types. The fol- 
lowing materials were selected at random from the different 
groups as parents of the second generation : 



A B C 


3d 
. 39 


3d 3d 
39 39 



These inbred rapidly during July and at the end of August gave 
a second generation which was uniformly an intermediate be- 
tween L, decemlineata and L. oblongata. 



A 


B 


C 





589 






This was especially true of the adult characters. The larval 
characters, however, were also variable and appeared to be less 
blended into a homogeneous group. 

The culture hibernated from early September, 1906, to June, 
1907. During this period a very great mortality occurred, which 
was due very largely, I think, to the fact that the culture would 
probably have reproduced a third time in 1906 if it had been 
supplied with food and proper conditions. 

These individuals in 1907 reproduced and gave a pretty uniform 
progeny of the blended type between L. decemlineata and L, 
oblongata^ generation III. 



A 


B C 


3 


476 



A fourth generation was obtained in late August and early Sep- 
tember of the same year, which possessed the same attributes as 
the third generation. In nature, this culture was not carried 
beyond that stage, but material from the culture was brought 
to Chicago and carried through the winters of 1907 and 1908, 
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and the summer of 1908 and part of 1909. It was subjected 
to various analytical experiments, all of which tended to show 
that the type was a relatively stable one. Individual pairs, when 
inbred, gave a ver>' definite pure line culture, and groups mated at 
random gave the same result; but, as in the colony in the Balsas 
River, there appeared sporadic individuals, widely separatcxl from 
the parent stock, which, when inbred, behaved very much as 
mutants are supposed to do. 

L, decemlineata X L, oblongata X L. mulliUtniaia. 
Exp. No. C. H. 156.8 Tucson. 

A culture of the same material was placed at the Desert 
Botanical Laboratory of the Carnegie Institution in the desert 
of Southern Arizona at Tucson near the foot of Tumamoc Hill. 
In this experiment two males and two females of L. decemlineata^ 
from Exp. No. 99, g. XIII, from typical stock at Chicago, two 
males and two females of L. oblongata from Exp. No. 619, g. XI, 
and two males and two females of L. multitctniata, from Exp. No. 
543, G. XI, were mated in the early jiart of June. Tliis culture 
was confined in a cage six feet square on the ground and three 
feet high, covered with wire eighteen meshes to the inch, thus 
eliminating all selection by insectivorous enemies. Solanum 
rostratum was supplied as food in sufficient quantity. During June 
and July these reproduced abundantly and gave a large progeny 
which emerged late in July and early in August. In this first 
hybrid generation at Tucson there was, as in the other cultures, 
a blending of the materials introduced into the experiment, but 
in this culture L. decemlineata was the dominant memtx^r of the 
cross, although not completely. 

In the lar\'a* six types were obser\'ed: 

1. Those which on insjK'ction af)iK*ared to l)e L. decemlineata, 

2. Thost* which were L. oblongata. 

3. Those which were L. multitctniata. 

4. Those which were intermediate l>etween L. decemlineata and 
L. multitaniuta. 

5. ThoM.* which were intermediate lK*tween L, decemlineata and 
L. oblongata. 

6. Th()j<* intermtHliaie between L. oblongata and L. multitetniata. 
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It was, of course, impossible to tell on inspection what the 
constitution of each of these types was. 
Five classes of adults were recognized : 

(a) Those which were clearly either pure, or dominants of the 
L. oblongata type. 

(b) Those which were clearly intermediate hybrids between L. 
decemlineata and L. oblongata. 

(c) An L. decemlineata type in which L. decemlineata was in the 
main dominant, but which exhibited a variable range of 
variability. 

(d) Intermediate hybrids between L. decemlineata and L. multi- 
tcmiata, 

(e) Forms which were either L. multitceniata pure, or heterozy- 
gotes in whidi L. multitceniata was completely dominant. 
Out of 1,857 adults seriated, the following census was made: 



A B C 


D 


£ 


47 29 j 1.311 


261 

1 


103 



This census shows that while L. decemlineata is either the 
dominant or prepotent member of the combination, it did not 
come out of the mixture entirely without contamination. 

This experiment was continued in a cage exactly like the first, 
and the following materials were taken at random from the first 
generation as the parents of Generation II. 



A 


B 


c 


D 


£ 


2C^ 
29 


2& 
29 


6d* 
69 


3(f 
39 


3cf 
39 



This material immediately began breeding and gave during the 
month of August a large progeny which emerged early in Sep- 
tember, and immediately went into hibernation. When seriated, 
this material gave the following results: 



A 


B 


C 


D 


E : 





29 


247 


42 






These passed the winter of 1908-09 in the ground and emerged 
in June, 1909. All that emerged were allowed to reproduce in 
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the cage and were supplied with food as fast as it was consumed. 
These gave a very large progeny which appeared to be uni- 
formly of the dominant types of the first and second genera- 
tions. Sedation of the material obtained from Generation III. 
at the end of August, 1909, gave the following results: 



A 


B C 


D 


E 





5 3<^2 


8 






I then mated at random for the parents of Generation IV., 
one male of B, the only one that could be found alive, three 
males and three females of C, two males and two females of D, 
and none of E, they being absent. This material bred at once 
and gave in the fourth generation a considerable progeny, 
which were all of the dominant type. 

Material from Generation IV., brought to Chicago in August, 
1909, placed in hibernation under experimental conditions and 
brought out to breed in the middle of the winter, has shown that 
the dominant type is a fixed type, and that it breeds true and does 
not split in subsequent generations. The only splitting is that 
which occurs in rare individuals in from two to three per cent, 
of the progeny, which stand apart from the general population as 
sports. These cases are practically the reappearance of one or 
the other of the component characters or combinations thereof 
that went into the cross, and they do not represent in this ex- 
periment anything in the way of characters new to the genus or 
family, as DeVries states to be true of his mutants; rather, they 
are simply the characters obtained from the different parents 
from which this complex has been built up. 

The same combination of material was made in Chicago in 
1908, and was run through essentially the same procedure as 
that of the Tucson experiment, with this difference in the result, 
that at Chicago L. decemlineata completely dominated the culture 
to the total exclusion, as far as analysis has been able to discover, 
of the presence of the other parents. 

These experiments in synthesis represent what might happen 
in a state of nature when species which can hybridize migrate 
from one place to another and intercross. No one reah'zes 
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better than I the complexity of experiments of this kind, the dif- 
ficulties involved in the analysis of the results, and the caution 
that should be exercised in making statements from them. It 
seems certain from these experiments, as far as they have been 
carried out, and they are by no means complete, that we may defi- 
nitely conclude that when like materials are combined under differ- 
ent natural environments, differences in the products, depending 
upon the conditions under which the combination take place, 
result. It is certain that the type which came out of the culture 
in the Balsas Valley was quite different from that which resulted 
from the cultures at Orizaba, and these are different from the 
dominant type which arose at Tucson. 

Whether or not the dominant types resulting in these experi- 
ments differ sufficiently to be called species is a matter of opinion. 
To judge by analogy, I suspect that if a systematist had found 
these materials in nature they would have been classed as species, 
or at least would have been given the value of a variety. Since 
their history is known, I presume that they lose all claim to any 
specific or varietal distinction, from a systematic standpoint. 
The experiments, however, clearly indicate that the process of 
hybridization carried out under divergent conditions in nature 
gives identical results, as far as principle is concerned, with the 
crosses carried out under divergent conditions in experiment. 
It is true that these cultures are group cultures and are synthetic 
and not analytic, but a series of experiments is being conducted 
under diverse natural environments, which gives promise of con 
firming the general point, that conditions incident or external to 
the germ cell at the time of fertilization may profoundly modify 
the behavior and the relationships of the characters entering into 
the crosses. 

One point of very considerable interest is the behavior of these 
dominant types in exactly the way in which DeVries's (Enothera 
Lamarckiana behaves, giving in each generation a greater or 
less number of rather divergent individuals, which, when inbred» 
are found to be stable germinal variations. I shall report upon 
this more extensively in another paper. 

Bateson(i902,p. 153) has suggested that the mutations observed 
by DeVries in (Enothera Lamarckiana are in reality due to some 
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sort of hybridization behavior. I am of the opinion that Bate- 
son's suspicion is probably justified, at least in some instances. 
I have no experience with plants and especially none with (Eno- 
ihera Lamar ckiana, but my experience .with these synthetic exper- 
iments has suggested that the type of behavior which DeVries 
has discovered, and upon which he has built an all-inclusive 
theory of evolution, is in reality nothing more than the reap- 
pearance from time to time of attributes brought into a strain 
by hybridization, and which reappear in every generation, 
or in frequent generations, by some process akin to Mendelian 
segregation. 

It seems unreasonable to advance, as has DeVries, the idea 
of a pre-mutation period, with a gradual development of invis- 
ible pangenes, and then a final bursting of these pangenes 
into a full-fledged mutation period, followed by a gradual dying 
away of the mutation period which leaves a species in a condi- 
tion in which it does not produce these sports. Rather, the 
explanation which Bateson suggested, and which I have shown 
to be capable of creation in these synthetic experiments, is far 
more plausible and more likely to be the real explanation of the 
type of behavior found. 

This raises a very large question — one that has been 
raised many times— as to whether natural species may not 
be hybridization complexes rather than pure line cultures 
isolated by some sort of selection, as has been presupposed since 
the time of Darwin. I have found that in nature, crossing, es- 
pecially between these chrysomelid beetles, is by no means un- 
common, and very frequently results in adult progeny in nature, 
some of which have been described as species. These natural 
cases of hybridization have been observed in the last half dozen 
years along the edge of the Mexican plateau. Some other species 
of chrysomelids from the same general region, especially some 
species of Labidomera, have a variability strongly suggestive of 
a similar origin. I have found that Labidotnera sutureUa Chevr., 
of which many sharply marked variations have been described, 
gives a variability in pedigreed cultures that is strongly suggestive 
of the species having arisen through a process of hybridization. 
On the high volcanic plateau of Toluca there is another type 
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rather closely allied to L. tnultit^Bniata, which is also suggestive 
of having arisen, or of being in the process of arising, through 
hybridization. 

These conditions in nature are of course difficult or impossible 
to check and verify, because the past is absolutely unknown, 
and little or no indication of what it has been can be obtained 
from any source. The materials in museums and the records 
by systematists are utterly useless for this purpose. Appar- 
ently, the only way of attacking this problem is the one which 
I have adopted of placing colonies in isolated locations, or in 
cages, there to carry out the process of interbreeding and form- 
ing of hybrid combinations as would occur in nature. 

Discussion. 

NeO'Mendelism, The Factorial Hypothesis^ and Theories of 

Germ- Plasm Composition, 

The essence of Neo-Mendelism is based upon the actual experi- 
mental evidence of many workers, and is the idea that such of 
the attributes of organisms as show this type of behavior are the 
product of two factors which /come into the fertilized egg^ one 
from each parent, and that in gametogenesis these factors are 
distributed among the gametes by some process which is symbol- 
ized as "segregation." This factorial point of view is in no wise, 
of necessity, to be tied to or confounded with such speculations 
as the id-determinant-biophore fabric of Weismann, nor with 
the pangene complex of DeVries, which have no foundation in 
fact. 

I doubt very much if Davenport (1910) will find many Neo- 
Mendelians willing to subscribe to his statement — ''In studying 
heredity our attention must often be focused on the ontogenesis 
of the different characters, and we are sometimes inclined to 
regard the adult character as the product of the course of onto- 
genesis. But this is a superficial way of looking at things; the 
determiners of all characters are in the germ-plasm and together 
they direct the development of one part after another in orderly 
succession; a modernized form of the preformation doctrine 
seems logically necessary.'* That the determiners of all charac- 
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ters are in the germ-plasm is something we do not know, and to 
say that together they direct the development of one part after 
another in orderly succession puts upon these determiners a 
burden of great responsib? lity , almost of intelligence, and makes 
necessary some coordinating mechanism behind it all. 

What we do know is that in some way, as yet unknown, in the 
germ-plasm there is conditioned the basis upon which the attri- 
butes of the future organism are to be built. It is a fact of 
experience that the germ cells give, on being combined at fertili- 
zation, results which suggest that the germ cells are of unlike 
potentiality or constitution with respect to a given character, 
and this is further strengthened by experiments wherein the 
results are exactly predicable when the germinal constitution is 
known. What this difference in the gametes is, we do not know, 
but observed behaviors are interpreted as being, most probably, 
due to the mechanical separation into different germ cells of 
whatever is it that produces the contrasting attributes — segre- 
gation during gametogenesis. 

There is, furthermore, a very considerable amount of evidence, 
aside from that obtained by Neo-Mendelians, to substantiate 
this factorial point of view. Th^ Mendelian behavior is most 
commonly found in color and color characters, and in color 
characters two definite general processes are involved; first, the 
production of the pigment to produce color; and second, the 
localization of this pigment in definite positions in the organism. 
The color itself is known very definitely to be, in a large number 
of cases, if not generally, the result of the interaction of two 
chemical substances. Riddle (1909) brings together from di- 
verse sources the knowledge available concerning the formation 
of the melanin pigments, and, as far as known, the production 
of these pigments is uniformly due to the existence of an oxi- 
dizing agent — tyrosinase — and a substance which is oxidizable 
— tyrosin or allied compounds. In the test-tube of the physio- 
logical chemist, the tyrosin will remain tyrosin indefinitely unless 
it be oxidized by the tyrosinase into some simpler substances, 
when the color-forming compound appears, and exactly the same 
is true in the living organism. Also the tyrosinase will indefi- 
nitely remain tyrosinase, without the formation of color, unless 
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tyrosin be present. There is in this production of melanin pig- 
ment exactly the requirements of the Neo-Mendelian factorial 
hypothesis, as suggested by Cu^not (1903) and developed by 
many workers in the last few years — two things which must be 
brought together to produce a definite end result, or if one be 
absent then the one present is incapable of producing the custom- 
ary result, i, e., pigment. 

In plants, it has been shown by Correns, by Bateson and his 
students, and others, that two factors are necessary to produce 
color; and in Antirrhinum^ Wheldale (1907) and Wheldale, Mar- 
ryat and Sollar (1909) have a considerable body of evidence to 
show that there are specific chemical substances — chromogens — 
to be oxidized to produce the colors of the flowers. Bateson 
(1909) has clearly stated that this does not mean that any sub- 
stance, as a specific substance, or entity, is segregated in the 
germ cells; it simply means that a capacity for the production 
of either one or the other, or both of them, must be present in 
order to produce definite results. This capacity, as far as my 
experience goes, seems in all cases to be a property of the whole 
organism, which during ontogeny, manifests itself epigenetically, 
now in one part or character, now in another, and a very simple 
change at the start may conceivably result in extensive end 

• 

results. I am, while fully convinced of the truth of the behavior 
of characters Mendelianwise, equally unconvinced, as the result 
of ample experience, that the process is in any way due to a 
particulate composition of the germ-plasm, or to any sort of 
preformation, and as far as I am aware, no Neo-Mendelian has 
thus far attempted to form any conception of what it is in the 
germ cells that is productive of the observed results, and only 
rarely do we find such concrete statements of preformation as 
that made by Davenport. 

Castle (1909, page 68) expresses more accurately the current 
Neo-Mendelian conception of these factors: **In what form, it 
may be asked, are we to suppose that the various assumed factors 
exist. Do they occur as so many different substances lying side 
by side but unmixed in every reproductive cell? . . . 

**It is, we think, not necessary to suppose that there exist in 
the minute germ-cell as many complex organic substances as 
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there are activities of the cell ; neither is it necessary to suppose 
a different substance present for every independent factor identi- 
fied. The various independent factors may have a basis no more 
complicated than that of so many atoms attached to a complex 
molecular structure. Experiment shows that the factors may 
be detached one by one from the organic complex. The discontin- 
uity of their coming and going is entirely in harmony with the 
conception of them as components merely of complex molecular 
bodies.** 

If I understand Castle correctly, the atoms or groups thereof 
that are detached, are not of themselves the repository of capaci- 
ties such that anywhere they would produce a given result, but 
rather, because of their absence in the complex group, the de- 
velopment of a character fails, and their presence is necessary 
to the appearance of the character in question. This conception 
is fundamentally different from the representative particle ideas 
of DeVries or Weismann, although the two ideas are not in- 
frequently confused. 

In the introduction (p. i) I pointed out that the fundamental 
question which must be answered before we can get any real expla- 
nation of Mendelian behavior is, whether these **unit characters," 
are lesser entities conditioned by representative particles capable of 
mosaic rearrangement in the organism. It was further pointed 
out that to conceive of an organism as an entity analogous to a 
crystal, or as a mosaic more or less analogous in certain respects 
to granite or to orthoclase-feldspar crystals, expresses figuratively 
some of our experiences concerning the nature and composition 
of organisms. 

There is, unquestionably, in all organic forms that which has 
the stability of form characteristic of crystals, and there is that 
which can be removed or replaced without in any way changing 
the basic form, exactly as impurities can be removed from or 
substituted for in crystals. Likewise, there are alternative con- 
ditions of existence of this basic form, which, like allotropic 
crystals, can exist only as one or the other form. 

In germ cells the colloidal ground substance, which Lillie (1906, 
1909) finds is not disturbed in its polarity and in its future de- 
velopmental processes by powerful centrifugal force, may very 
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probably represent the more crystalline-like germinal basis, and 
any of the included granular substances or chromosomes which 
are capable of more or less alternation in relation and position, 
may conceivably in some way be connected with and indicative 
of the more superficial, removable, or changeable attributes. 

The evidence derived from studies of accessory chromosomes 
and their segregation into germ cells during maturation, giving 
germs of different chromosomal constitution, is indicative of some 
difference in germinal composition. Whether these behaviors of 
chromosomes are the consequence of more fundamental germinal 
differences, or the initiation of subsequent germinal differences, 
is a problem for the future to decide. It does not of necessity 
follow that the chromosome is particulate, or the determiner of 
anything; it is at present an indicator of germinal difference 
which is coupled with whatever it is that determines the alter- 
native nature of sex. If differences of this sort exist in one 
alternative character, there is no d priori reason why there may 
not be similar differences in others. 

Our present experience indicates a germ plasm composition 
analogous to that of an orthoclase crystal, with a basis to which 
are added to or subtracted from through the reproductive process, 
attributes which become parts and properties of the whole. That 
the germ-plasm is such immortal material, irreversible in its 
action, that i& possesses a oneness of constitution and ultimate 
destiny, is a conception based upon d priori dogmatic meta- 
physical concepts, and is a negation of the evidence of our senses. 

Many years of experience with the problems of variation, 
heredity, and evolution, wherein germ-plasm constitution must 
play a vital part, have forced me to the formation of a conception 
of germinal substance like that expressed above. It is distinctly 
neither one nor the other of the older conceptions, but rather a 
mid-position, recognizing the elements of truth in both of the 
older conceptions, and is in entire harmony with the facts of 
experience. A presentation of my data and more extended elab- 
oration of this conception cannot be attempted in this preliminary 
paper. 

There is in this conception no element not in harmony with 
the existence of Mendelian behavior of characters, nor incom- 
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patible with a behavior in gametogenesis that would result in 
mechanical separation into unlike masses of germinal substance. 
No idea is expressed or implied in this conception of the nature 
of the physical state which conditions anything in the germ plasm, 
nor must the fact be lost sight of that this is a proximate con- 
ception of germinal substance and not an ultimate. At present 
in biology we have no business with ultimate conceptions, and 
the two thus far attempted of germinal constitution— the **par- 
ticulate conception" and the "crystalline entity" are both equally 
dismal failures and equally useless as working hypotheses. 

The conception herein set forward recognizes the following 
facts as regards organic constitution: 

I . That there is in organisms a form basis, relatively unalter- 
able as regards symmetry, pattern and arrangement of parts. 

8. That there are in organisms an array of attributes capable 
of variation, but blending in heredity, forming blends and inter- 
mediates. 

3. That there are in organisms an array of attributes which 
can exist only in a definite state of stability— they are either 
there or not there. 

4. That there are in organisms characters that by crossing can 
be replaced by other more or less similar but different characters. 

These four classes of attributes in some manner are conditioned 
by physical forces in the germ-plasm, and are, as far as we can 
perceive, the product of the past interactions between the germi- 
nal substances of past generations, and between these substances 
and the conditions of their existence and activity. Two chief 
series of physical events are at work; the series of events charac- 
teristic of any germinal substance — the product of its past his- 
tory, the genetic forces — and the interaction of this sub- 
stance with new germinal substances under the dynamic action 
of surrounding or incident forces. It follows from this that any 
germ cell is an epigenetic product of the two series of events neces- 
sar>' to the production of fertilized eggs and the resultant soma- 
germ complex, and the subsequent germinal changes may be large 
or small, in one or many of an unknown number of possible 
directions of modification ; and while consequent somatic or germi- 
nal attributes may to us appear as either continuous or discon- 
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tinuous in results, in the interaction between the genetic state 
and the dynamic forces only continuity of process is probable 
on the basis of present physical knowledge. 

This genetico-dynamic-hypothesis of germ-plasm constitution 
and modifiability, forms a convenient basis of departure for a 
host of evolution problems, and it is from such a theoretical 
basis that I have sought to study certain phases of the Mendelian 
phenomena. 

Dominance. 

The subject of dominance and recessiveness is at present 
decidedly an open question. What do we mean by domi- 
nance, and what is it that determines dominance? In the 
simpler cases, as illustrated by Mendel's peas and many others, 
there is no difficulty in stating positively which one of the two 
characters entering into a cross is the dominant member. Such 
examples are fairly abundant; they behave with considerable 
uniformity and represent a type of behavior for which there is 
some definite cause. What is it that makes one character re- 
cessive to the other? The Neo-Mendelian explanation is that 
one character is recessive and the other dominant because the 
recessive character is the absence of that which goes to make 
the dominant character. This explanation, however, while it 
may fit some characters, melanin pigment, for example, could 
not by any means fit all cases. 

Thus, for example, in the experiments given in this paper, in 
crossing black stripes and no stripes, we may well conceive of 
the black stripes as being due to the presence of the two factors 
which produce black, and of no stripes as being due to the fact that 
one or both of the producing factors is absent. As far as the 
causation of color is concerned, this is actually the case, because 
I showed in 1903 that the black and brown color in these beetles 
is due to a substance in the cuticula which must be oxidized 
by an enzyme to produce the dark pigments. This is a clear 
example of the dominance of the presence over the absence, in 
some of the experiments and not in others. But the case is differ- 
ent in such crosses from that between tall and short statdre in pea 
plants, tailed and rumpless condition in poultry, etc. ; these must 
in one way or another be due to some sort of activity within the 
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organism. According to the theory of inhibitors, angora forms 
have long hair because the inhibitor of hair growth fails to act in 
one case, giving long hair, and acts in another, giving short hair; 
and poultry have tails because the inhibitor of tails fails to act 
in most cases, but acts rarely to give tailless birds, that is, the 
tail in birds is recessive to no tail, etc. This seems an extreme 
and unnecessary complication of the present hypothesis. 

Unquestionably, something determines dominance in color, in 
tall and short peas, etc. Probably the most extreme cases of 
dominance are those which breed true without segregation in F, 
and subsequent generations. A behavior of this type is given 
in Exp. No. H 410, where the F, hybrid was exactly like the 
female parent and continued to breed true during the succeeding 
generations. 

In Exp. No. H 409/411, there again appeared a dominant 
type, dominant to the complete exclusion of the other parent, 
which con tinned, to breed true generation after generation; yet 
from the same parents there arose individuals which gave a dif- 
ferent behavior, and both behaviors were based as far as any 
evidence is available, upon one and the same kind of germ cells. 
These cases represent dominance of the extreme kind, in which 
there is a total disappearance of the characters of one of the 
parents in the subsequent progeny. From these, we pass 
over such cases as those observed by Mendel and many 
others, to these Fi hybrids in which the individuals are a blend 
and intermediate between the two parents. Such are given in 
several of the experiments cited in the body of this paper, and 
in some there were a series of gradations from the extreme of 
total dominance to the other extreme of an intermediate or 
blending condition between the two attributes. 

In these blends, which are typical heterozygotes, the dominant 
attribute is diminished in manifestation in Fj but appears un- 
diminished in F, — but what shall we say of Exp. No. H 701 B, 
where in F, there appeared the undecimlineata type, mid type, 
and signaticoUis type? In this series, from the same parents, the 
presence dominates the absence, blends therewith, is recessive 
thereto, in F, and only the mid types are heterozygous— all from 
one and the same pair of parents in each repetition of the experi- 
ment. 
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The question is, to what is this behavior and its varia- 
bility due ? The older writers confused dominance with prepo- 
tence, and the behavior was attributed to ''strength/* to the age 
of the parents at the time they reproduced, etc. As far as I can 
discover, the evidence for strength or age is anecdotal or very 
questionable in character, and in a long series of experiments I 
have been unable to get any evidence that age of the gametes or 
parents signifies anything in hybrid behaviors. Whatever is 
meant by strength no one can say, and to attribute behavior 
which gives dominance and recessiveness to differences in strength 
is meaningless. If by this ''strength of germs'* is meant energy 
for growth and development, we must, in order to utilize any 
such conception, know how much potential energy is stored in 
each germ — what the kinetic output would be when two germs 
were combined, and the increase or decrease of the kinetic output 
by conditions surrounding or incident upon the energy of the 
zygote. In other words, the friction of the developmental proc- 
esses will vary and be as productive of resultant differences as 
are initial differences in the endowment of potential germinal 
energy, if such there be. Much more knowledge of germ-plasm 
physiology and dynamics is necessary before germinal energy 
can play any part in the explanation of hereditary behavior. 

It has not thus far been shown that staleness of the germ cells 
is productive of any of the results which have been described. 
We know that germ cells become stale and that fertilization be- 
comes difficult or impossible, and since development is slow or 
incomplete from stale germs it is possible that when germ cells 
that are stale are combined with those that are not, one or the 
other may dominate in the cross. I have attempted many ex- 
periments along this line, but thus far without any concrete evi- 
dence that staleness in itself is productive of any result. 

In the present series of experiments there were involved in 
the elytral stripes of one parent: 

1. Capacity to produce a substance capable of being oxidized 
to form colored compounds. 

2. Capacity to produce an enzyme capable of oxidizing this 
substance. 

In the other parent: 

3. No capadty to produce either one or the other of the above. 
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The chief variables in these experiments were the conditions sur- 
rounding and incident upon the germ cells at the time of fertiliza- 
tion. All of the crosses herein recorded were made between indi- 
viduals of the same age and always between vigorous individuals 
of their respective population; that is, the materials for crossing 
were always homogeneous as far as could possibly be determined, 
and I never mated an old male with a young female, or vice 
versa. 

In these experiments I have succeeded in creating a series of 
behaviors in which the same characters are dominant to the 
complete exclusion of the others; dominant to a lesser degree, 
or in which there is a complete blend between the two in the F, 
generation, or the appearance of both parental types in F, and 
both breed, true. As far as it has been possible to determine, 
the only variable in these experiments is that stated, and I am 
led to the conclusion that the conditions surrounding and inci- 
dent upon the germ cell at the time of fertilization may be to a 
very considerable extent responsible for the determination of the 
dominant character in the cross and largely responsible for vari- 
ability of such characters. 

In Exp. No. H 701 B the behavior, where the recessive 
appears as a pure breeding race in Fp while by no means unique, 
is difficult of explanation on the factor hypothesis as at present 
understood. 

It could not for a moment be maintained that external con- 
ditions are alone responsible for the determination of dominance 
or recessiveness, because it would be about as far from the truth 
as it is possible for one to get. External conditions have the 
same role in organisms that they have in any physico-chemical 
process, of accelerating, retarding, or changing the direction 
of the activity or of the reaction which is going on. The funda- 
mental reaction in any of these hybrid crosses is that which goes 
on between the two physico-chemical complexes comprised in the 
combining germ cells. What that action actually is, is at the 
present time absolutely unknown. That it is due to combina- 
tions of the pangenes or biophores is a preposterous idea, and 
that a given ferment, a chromogen, of itself, or represented by 
any specific substance, is present as an entity in the germ cell is 
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likewise very doubtful. All that we are entitled to declare or 
believe on the basis of present actual evidence is that some con- 
dition in the physico-chemical constitution of these germs cells 
is present, that makes possible the appearance of one or the 
other of the two necessary factors which in many instances must 
be present in later ontogenetic stages, in order to produce a given 
result. 

Relation of External Conditions to Dominance. 

The question of dominance, while a vital one, has been some- 
what wrongly attacked. I would hardly wish at the present 
time to attempt to account for the highly variable results that 
have been found in the dominance and recessiveness of characters 
by such explanations as germ contamination, variable potency, 
alternative dominance, or different types of latency, etc. It may 
well be true that there is variable dominance, but to what is 
this dominance due? It seems that many of the experiments 
in which variable dominance has been found and described were 
uncritical, and were carried on under the uncontrolled conditions 
of most breeding operations. In regard to variable dominance 
or alternative dominance, as a function of the gametic consti- 
tution of organisms, it is necessary that the operations should 
be carried on in such a way that surrounding or incident condi- 
tions are eliminated to the fullest extent; and experiments must 
be based, not upon one series, but upon parallel series of similar 
cultures. As far as ShuH's (1908) attempt to explain this con- 
dition by various types of latency is concerned, there again the 
relatively gross conditions under which we are obliged to carry out 
most of our experiments leaves one open to criticism as to what 
the results observed were actually due. In other words, the 
question of dominance, as Bateson (1902) has suspected, is not 
entirely one of gametic constitution, nor is it one of external 
conditions, but it is a combination of the two, and this result 
seems to be fully borne out by the experiments cited in this 
paper. 

Concerning the nature of the products which result from 
a given cross, much depends upon how dominance works 
and what it is that is present in the germ cells. The products 
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may well be modified and lead to endless confusion by this very 
fact which I have established, of the determining and influ- 
encing of dominance by external conditions. Thus, for example, 
in Exp. No. H 410, external conditions determined the whole 
future history of that culture. By the conditions surrounding 
the germ cells at the initial cross the total character of the race 
was determined for as many generations as I cared to continue 
the experiment. If this is generally true, and I see no reason 
why it may not be, then the determination of dominance, which 
determines also the resulting products, is a most vital factor in 
evolution. 

Again, the variability in products which one finds, as, for ex- 
ample, the differences which MacDougal (1905) found between 
crosses of CEnotheras made by him in New York and those made 
by DeVries in Holland, when they were using, as far as could be 
determined, identical material, has a very direct bearing upon 
this point. MacDougal says: **..., the very differences be- 
tween the results of the hybridizations, as carried out in Amster- 
dam and New York, suggest that the manner in which the 
various qualities in the two parents are grouped in the progeny 
might be capable of a wide range of variation. Many indica- 
tions lead to the suggestion that the dominancy and preva- 
lency, latency and recessivity of any character may be more or 
less influenced by the conditions attendant upon the hybridiza- 
tion; the operative factors might include individual qualities as 
well as external conditions." 

This at once suggests differences in results, and difficulties 
that will arise through the carrying out of like experiments 
under unlike conditions. This phase of the situation is set forth 
to some extent in the second part of this paper in the experiments 
in synthesis. These experiments, while not susceptible of analy- 
sis along certain lines, indicate very clearly that the operation of 
the principles of alternative inheritance will be productive of 
diversity of results under diverse conditions when using homo- 
geneous materials. This gives a clue which may be of para- 
mount importance in the further investigation of the problem 
of the origin of species in nature. 

In many organisms there exists a physiological isolation, whidi, 
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although the organisms may be close together, living in the same 
location, etc., by definite limitations in their reproductive ac- 
tivities prevents them from intercrossing. This may be due 
to incompatibility between germ cells, but quite often it is due 
to difficulties incident to copulation or to the penetration of 
sperms; that is, the difficulties are purely mechanical. Thus it 
might well rarely happen that an individual would arise of a char- 
acter such that a cross could result; and if such a cross were 
made, a race having the attributes of one organism with the 
capacity for physiological isolation of the other, might easily 
arise and keep it from any further chance of intercrossing with 
other si)ecies. 

Conclusion. 

The experiments and observations herein given warrant the 
general statement that conditions external to a cross are impor- 
tant factors in determining the results thereof. This conclusion 
has been worked out in both normal and hybrid crosses, in 
crosses between races which have been created selectively, and 
between forms which arose as sports; and the second series of 
experiments in synthesis is sufficient warrant for attributing to 
this factor a considerable importance in evolution. 

Underlying these, there are, of course, deeper factors than 
those with which we are dealing. The characters which behave 
Mendelianwise are in the main superficial, unimportant attributes 
of the organism, and only rarely are they the characters which 
would make for success or failure in the struggle for existence; 
they are most often color and specific characters, which, while 
fixed and vigorous in their behavior, are not important in the 
economy of the organism. These behaviors, beyond any ques- 
tion as to how and why, suggest the operation of something 
which gives a result best described at present in factorial 
terms; and that there are such things as later ontogenetic factors 
seems highly probable in many cases and absolutely certain 
as regards many colors. The knowledge that we have concern- 
ing melanogenesis leaves us no alternative in this respect. 

Back of all this, however, is the fundamental question of how 
these germ cells, how this living substance is constituted, and what 
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is the relation in this complex of that which makes for the elabora- 
tion of tyrosin and tyrosinase in melanogenesis. What is it in 
this complex that localizes in a definite area the appearance of 
a pigment? What is it that combines into a definite pattern a 
series of attributes, some of which can be shifted and rearranged 
in the processes of hybridization? The problem of the constitu- 
tion of the gametes of that which makes for form, for localiza- 
tion, for pattern, etc., is the fundamental problem ; and as long as 
we fail to see clearly what the constitution of living matter is, such 
phenomena as these which we have been discussing must remain 
more or less superficial in our knowledge of the living organism. 

There is nothing in the behavior of these attributes, in our 
ability to shift them and make new combinations, which, of 
necessity, commits one to any of the doctrines of preformation 
in pangenes or biophores, or to oneness of constitution and ortho- 
genetic destiny. The situation, as regards alternative behaviors, 
should be free from the bias of biological orthodoxies, and to re- 
gard the organisms with which we are dealing as so many com- 
plex physical substances whose composition we are investigating, 
and among which we are seeking to determine the limits and 
laws of combination, will give the most rapid progress towards 
the end of a better understanding of the larger problems of the 
evolution of living substance. 

Dbpaktmbnt or Zoology. 

Tbb Univkksitt or Chicago. 
April I. XQio. 
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Explanation or Plats I. 

NoU. — On all of the plates the pattern at the head and pronotum are not drawn 
with the true pattern and behavior which these cultures showed. The pattern 
shown is a basal one common to all the species. 

Arranged to show the results obtained in crossing L. sigm^icoUis 9 X cf L. 
under the conditions of Exp. No. H 409. 
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PLATE I. 



Derived Sig. Type. 
■ t 



Extracted Sig. Type. 



Extraaed ii lin. Type. 



■»' 



F, 



F, - 



» r 




soo>. 




>oo)L 



W. U TOWIR 




59- 



9 parent 
L. signalicollis. 




These Y% numbers are from 
mating Ex. No. U. 409.g II [A] A. 




lai. 



These Ff numbers are from 
mating Ex. No. H. 409.g I A. 




$ parent 
L. diversa. 




6z. 
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Explanation or Plats IL 

Arnmged to •how the results obtained in cmsring L, Him^icoUit 9 X(? L, 
d$9trsa under the conditions oi Exp. No. H 410. 



EiIrnclKl Sig. Type. 



Enimcied 11 lin, Type. 






Thoa F. rnimbcn 



Ei.Ko. H.4n^lI[A]D. 




uinc E^.S^^H. no." 





/«:;;. 
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Explanation or Plate III. 

ArrmngMl to show the results obtained in croming L, sigm^icoUis 9 X<^ L. 
diversa under the conditions of Exp. No. H 409 411. 
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Derived Sig. Type. Derived Sig. Type. 



Extracted Sig. Type. 



Extracted xi lin. Type. 



F . 



1 r 





xoo<. 




xoo^. 



W. L. TOWER 



xoo)(. 





lOO^. 




77- 




9 parent 
L. signaticoliis. 




«55- 



pair[C]B. 



7«' 




90I. 



pair B. 




$ parent 
L. awtrxa. 




ioo4. 




lOX. 
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Explanation 09 Plm^IV. 



Arrmngcd to abow the SMallB tibmkmt fat enuring L. umdsdmHiumis 9 X <f 
L. si gm a He o Uis under tte CMitfdoiu of Exp. Na H 700 A. 



L-^ 
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Explanation or Plate V. 

Arrmnfcd to thorn the retulu obuined In crocriof L. mudMimUmMl m 9 X c^ 
L. tigmsiUotUs under the coodiUont ci Bzp. No. H 700 B. 



ftlOLOOIOAL miLLETIN VOL. XVIII. 



PLATf V. 



F, 




Larval body color ydlow. 



P. 



Ibrome 



W. L. TOWIR 
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Explanation or Plate VI. 

Arranged to thorn the retulu obtained in rrnarinf L. undMimli mMts 9 X(f 
L. si gm a li€ ol lit under the cooditiooe of Exp. No. H 701. 



MOLOOM 



PLAT! VI. 




Body color of larvs chrome 
P. -^^ yellow. 



4^ 



^ 



35: 




W. L« 



^ parent 
L. signaticoliis. 
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ExpLANAriON or Platb VII. 

Amnged to ihow the retulu ol>CaIiied in rrcming L. und^wMmMts 9 X 
L. si gm^ co ttit , ander the conditions ci Exp. No. H 700. 



F« 



knired on this 
.^. No. H. 




nATt VH. 

4 




i 



ij 



color of larvae chrome 




•VirLTlV' 



ent 
'collis. 



\ 

I 
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Explanation of Plats VIII. 

Arrmnged to ihow the resulu obtained in crosfting L. unduimUniala 9 X cT 
L. siimaikoUis, under the conditions of Exp. No. H 701 B. 
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PtAII VIII. 




P. 



W. I. TO«ER 



